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jjj^aJI jjjiSLll jllL-uVl 4_ijj_*Jl 4_a}U «5L3 jJlU ^gJLc. )> 4 J ljAj. 

4j^Hj JjfcLij ^ CA. J-A. tLr ^»LU (jijjLd 1 2 3 iZjjXI 4 ijf. J jJ I 1 Jj£j jlJ 3 


* LaLc. JuLJij 

j <^a ^^3 j^ nil _iljj_9 4 £\ . ilLiJI jL-ujii J_a I Jl>-Ij J jJI ^jX11 Ja-IjJIj 

0jj_i 4—iiJIj 4_j_gJjtJI £ Jj ^"v- CjjjL>u 4(^_>jJtJI HjlJIj 

4JLj1d IjSJ_ lm Jj jJI 4 _)Juj^j aAj-oi'Lj J_a AjA*JI LlA J_a £j_>. J jJI 

Jj>-jJI jl^ J_> ‘ ^- JJ * 11 1 ilnjTr <o jjjJuJI ^—-i-il is\ a (Jit /irlj jL>JI CjJe-iJl 

3jjI J Ljr 4 4—(_4toj t _ 7 _a_oL^VI < nSMl j iAJej ajjj jJaj J_ajj — 4_L!I 4-<a_r^j — 

4_UjA 4 < ^ ^ / i |J J^j-a t J jaii u gH 4 _laL 4 L^iiu Ja 4«4^aL>JI jlj lm\)) 

4_)jj ji_ lIjJ^ 14jI J_>JI £Lj ^j-aJI ?rlI £jjj J\j Jlln Ij * \jty\ L" )\ JLLd 

<^Aa C_ljIaJI J1 i>L II JA l j£L t«^ 41t11 Jf- _^UI » jj Aj j,i/CH jlajJI 

Jjfrj i6 1 ijr 1 ^i « jLLjoVl 4.. _f>Laj » JLuo 4 a Le_ Jj t jl 4 4_LiLlLq Jjlio 

tOJ-l.>1l ^AjlII CjljUoL) Jj Lg~ < ujj 4^-abLUj JjjjL J-4_a (^yjjJtJI Lta-aToe-a 

<S JfcJ JjJ J a 4 J_ajJI l—Aj^L>u 3juoL>JI lIjIjL* JJI JuJjjj Jj) 

JjaJI tilAJ^I 4_£jLta ^^3 — 4 i mi) cLsjJI ^^3 — Ji_J J^j > Vj 

JjJjvLa ji ^.SjLc. . *_ i^JlI I ^j_a 4_uVl « 4_x3l_3iiJ I i"» a 11» ^j_a 4 A A jJI JLuu-mJ 

, LoJl2j C i 3 3 -v ^ 4 4 _ujJJ I 4.31 3"| 11 jLaX. I 

4j^jJ ^-L»-J 1 t IMJ i Oj. A^l I 4jyC 311 A£j L5US c J J & 11 AJ IjJ 1 

J^jjL^J. 1 j, i is-> { j f -c> y J&. 11 j ^~t\ 11 J-crtj ^Ljj^ ,jl^ Jj t Ja2ti9 asU J^cj 4 _LoUl 
. j L_uj»3J I * Jj J-A IjJ I j^i.ij 4 Jm3j3 ->J I «. L»JaJ I I jj j 

L)j^j jlj^ J_i>.jj Ijj —i_u^w jj ^jjjtJI ^JL*JI jL£ I jjj 

i4_aVl jj^ioj J->*1 J-4 L)jLtaj t^iaU 4_iil I Jij t J 3 >11 Ijx-caLLa 11 

4_JIjJJ I 3J U 111 J_a V-J Aj c UllI j/\ 4“ 11 ^Jl \ n t nj jjUus JjlAa i«4' Ij mij aj 

J_a I A>-1^ 4 jLuu JL- 2ll a \ « 4j3jjlU ^JLc. m 4J_i jAi u Uil^ >^.^jjIjJI j ^ ^j 11 

jjLjj ^ 4 J^Vl La 4 AC. ^^Llol A< a 1$} Ijl- i^i**! 4 m. a JJo ^jJI 4 41 j *j 1 1 ul I ^ mi nj-a 

LULa. t L>.jI l-3j_ laj Ojj^LU Ll£ 1-3j I J_U3__ 1 ^ i a Jt^r 4 44 _ jUj .1978 

4 Jt 1 LI j^ a 11 ^ 4 i < 1 ^*J 11 fiLaLSHIj ^jsLiJI ^ 11 11 j_*jjjj > j ^ 1 ■■ J^ J^5 I i j 1 11 i_^4j-tJI 

•Cr^LlI ^1 j-aJj 4 J^i 3~ i ii 1 1 (^JJ 

(^j-Lc. JjjALoJIj 4 j 1 ja a j 4_jj jj 4_l_Al Ij c 4_t_i_«l^ 4 j^>-j A-iiLiJI 4_UI 

. jljL-uJIj jj-uaJ I J_a I Ajj>a 
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(_fL£._Lj-tl 4 —j j.alC j .oLibjL^J (jj i tljj 4-4 UJ1 1 A11 i~(j ^ ill CjI LalaJt-l! 

i^La£LJI ^ J^Jl 4 if (._ <jj J J^-3t-o O i u_il ^$jIjL»»jI^ ^LC^JLSeJL I j 

dJj j-xC. tSjjloilj ^LaSLIL ■£_2j-4-a iJ7 £- 1 Jlj] j.S\ a] ^ ..A 

I.J 4jLU ^3 99j Lj&L^JI 4_jLtl 1 ^yjfc 4j^2ajJ!» (^jv <(^jj _i_uJj| 


jit i gj^Li 4 jr i i*iM 

4jL± 3* dJj>j ^3 <jli^y I I Jlj iCtisia 4_L_u l_sVT 4jlj _i_u ^j.4 l_j^_Sj Lo JlLo 

L p_4 4ii"i-> 4 CiVl ** a 3jLjn_>JI j_Lco ^1 4->ulj t 4_Laj_4_ jjIjljJI 

^ 4~i.~*S.l I i I 4 &LJUJJ • dJ j ^-UlJ oil, I jLiJ—tijj (^£^1 IJ 4-C. I I 

Ll4^5vj>- l.t,4.1->.a J J i_J t Ljlju 1 1 4 " 4 4 ^j.4 Ljj Jl». Vjj>u I 

J j5ll a p U. »tl oJJj-uJ 1 jUIj 4^ J < 

^dL>JI Lliflj jyJI j inr. £_jI— u*]l I 4 jL$j JlLoj . ^j_4 Vju 

j j jt~n ((Revolution 3 jj—j »^_1U^4 ^ I j V r<_i_ul ,jl <jmVI t-j|j 

I^J _C_JI jXfljl CjLk^-SC- 4 4^LUIj l^-4J (jj 3 oV^-jtUI 

i 3l_JJ>J I y> l^_) -4J jji i^>" 11 £j J_)V jl£—JL-lV I J X4U-Li 

4-C.Ll uz>^ JuJ aJI Cjljtlaflj 4 jj\ V iII CjI£^j>JL1 3j^j yA l^Ju 

t4jj-p*JI j X"/1 i j k Cj l 4^1 a 11 j CjLi uiL>J 1 ajyj (. i ^~Li I j i ^_j i_u_lJlj 

3jj__j» _) 3jjjl>. 4_jj^^Jj) i^~i oj i^r cCi\ \j j-vlj 

. Jjllll LoJV^Jj) i$j MI*Hj 

V] (j&l ^c-1 4 _l^IxIJ,I 4-iJvjJjjCtli Cj'jj. ~(!< <■/.!,1~ 01 lLI in 4^i ( ^u-iJj 
(~< 4^ < <i1 Cj IjL^uj 1 j CjIc! JuIj ^jin j CjIj^JkJ (JjjIoj ^La jLua>> 4j_yuja_>- 
4^a_»J^oJI 4 j^i^-lU JjujLl-cx>JI ^j_4 1^4_i aLLo L^jLa-iJj L^Cjj 

4j4^14^/1 jjLLlLI jyJ! 4 jj^_*JI 4_ila. Ill ^j_4 ^i*JI JU-al jJ3j . 4_iJjJtJI j 

4ij^io Cj I y-Aj j 4-i 0 _jI£^ I L)jjj I 3jl—3 L ^ri~v Vl t4. .. 4 

j_4j ^Lfcjl m L^itJjLj {yz 4£JL>. 

^525 ^LaJI ya {J7 ^ lt^-* 1 - < jj i^Liuul 

4j ^jU ^jjl LT^ VI J mf Iju t ^1500 ^LlII ^ jl^-J 
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4jjjVI 3jLoJI «. 1 cJJju _<nj.I (1546 — 1483) ^u_3 La 

3lu^ I^c j is\i Ij *4jj^jfcJlj 4 jj_l^JLI (j\jjLuaj>JI CjL>.j_st-a 1 j J-l3~ «-uj 


.C^JjLStjJ 




Ij ^JjlII l^.ol^3 SjuJu*. 
jjL_uJI jj_a bjjjl »L»U II j-cj— lm\ J3j 


t j)l— uuj^LI 11 ^luuJ! ^^lc 3 .1 a~i «1' 4j a. H11 dj-Lolf dJ ju I^.l~i aj] 

L_iiituJI ^j_a C.uLc ^ III SjLill j)lJ lLj ^ 9 Jjud 4^ t u>o ^^—1] l <t-A 

^ 4ucLu-dl 3j^UI iCuaLs J3j . j)J^-3 Oj —jc Cj Ju_al 4JL^1 d 4u_Laj Oj~l^ 

9 

4cLLl-oj 4jj1 V iII Cll^j_>J.I 4_4-lajl CxLvjl Oj> t 1780 ^L*JI ijr £i 1 uLLajju 

In" 1 I dJJb Cu^au- mlj . 4^1U! 4_4 _u JlI^JI ..wll 


. Ij . LqLc 60 u_)j_3j Lq (Jlj-la ^JL*JI jLuaud j^ylc 4 \ a j^.a cJlgifi jl JuVlj 

M? * 

1 840 fLJI ijjjS Cj 1 Ju Cuz>- t LoLc 60 3 Juo Lixj I C-ij a" i nt 4u_)lu 3 j^j 3j^jJI o JlA 
4cl iun (jr A 49^LaC 4—C.1 i ur> dJ ju 3 jJ^-a JuJu>Jl d£L—dl 3^T *\ <Z « w\i >■ Ij 

‘3l^®^ 0^333 ^S* '"'J ^jLuajS^H 4J tj\£ Laua tculua-Hj J_ jJl>JI 

LuLLajju ^1^- SjjpJI oJJt j>^3 * a 1 j-lu Jl>» _*5uJl 4u-auuJ! 

. LjLLtj Luj^a I 4 1 a 4uj^j^i (3^ j 1 -&JV "*■ a > ^3 3f 1 2a.33 

3 J-*-° 3jlu) ^ lau 4 ajl^* 11 4ujw^J jjSjjJ 1 I ^jl til j 

oL-ulj t ullj ^/Au'jj Hu 3 A 1 >> X U iJuLc I Ju V 1 2 CjIc1juL>.V!j Cl Ij 1 ^LuJ 

jJjjfLl \ I J-ljuVl IjlA ^ JI I jJ 14u^LaJl 4 & 111 3j—4uLa->J 4-La 1^*11 

1802 ^U]l ^^3 ^juiJjlu 3Ju4>L*_a ^l^uj Julj aLuaLi. tj-Ju-Jl uul^u Julju 
4jLc 1 Jujj o^SLs Cj luw^-st^a ^ 1 uj_g jKTi jcj JjI ^ jr 3 jjLuuVl 4 u_3j>. I *CjJL^I L7 jJI 

4uLau>- ^ujbLLa ju_i_ujuJ 4 jlt3ill 4 j1^uJ 1 4JjJj^J dJ j j)l^J *4 j 13 % II 

. jljuS.V! CjI^I^uj 4u^SjaJI 4j<lll 
4 id iunll 3 j^jJI L^jJI cJ-uoj (jH-H ^u—CtiJl 4l^-^_a Julj 1900 ^IulH 
CjIuV^J 1 ^^31 lu^C 4ud_LuaJl Cj I jj ~i 11 j.k-x-dT) ^jJLC 3j_ll a J A 3-3 juj 3 14 u j tuJ I 
CjIjjuJI dlu L^u- 9 £-ju*u ^3-11 jjjdl iJT 3 ^jVl 3jJH Julj Laua t 4u^ujusVl 3Jutui.1 
CuVlut-au 4uJluJ 1 Sjjil! t~-v.|j , 4_ujjjjV1 3jL_oil ^jljJu ^j-C 1 Jujlj 4_lCL uuaJ 1 

cdf^.c^L^JI 4cl_Luo t CjLjflLoudl t 4uJ^£jl Cul£j . ^JU 3-^° 3u J _ Lj_a 

4 x 1 !*>*’( 11 ^JLlII uU yJt Cj t _i iiuaj 3 _Ll<w*- 4 uL ^jjc 4 JjJujj 4uC 1 1 is\ 11 CjIjj__jJI 
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*dLJf 


4-i^j^paVl 3,1 Tt "ill CjL^JI lLIj Lj^C ^ 1 b t4 jo mUj pLi-jJ! ^_1! 

L$j|_ luLluj JjC olifcj ^pJI ji-lLJl JiLo i 4pJ I JJLC. J)\j -cl LgJ -i-l 

(2000 — 1950 ) 4 ju!^ji 4 _icL< 1^11 Sj^iii j ^^3 ^^b Liijl 1 i4_^Lojc^_uV! 

4cLL^ 3J tCiUfrit 11 j .“>Nl i^~ v >/l Ljjv r> 'X" ^ 1 CjVI _5t-4J 4-udl^JI 

. I -L4> LLq^j LajIjI ^jlijau Uj Lo ^jJl uilij oIjIjjI oj^j^puJI 
»jjLo^SL>J! o_lojI <4-uijJI 4 _iILjlI! pjj_>J t * L$3_i 1 3 ^_o*.j 3^pB - LX i3 

£c-l3d jjt i4p£pj-aVl 3j^_5e3JJ CjLiV 3 JI 4_i- 3L>.j ILtJI ^1_3 cjI ^o-v ^_B 

4.i^Al _tiij Q I IJ&-AJ lt aLiJI ilije-jJI jLstx <_yB Oj _ i 1^ \ I Cj1jLo 33—i_uV1 

^o-LtJ1j (J? ..lia.*Jl ^3LiJ I t _yic 4 j-LJ. 1 Calj^pJIj CjI JljIaJI ^> il aj ^yB 4—iJLi 
fdUJI L 3i3l_La 4 t^l < ntlj j^Aill JiJ^pa ^ i ju Lc_o i^jl—i-iU^-LI 

^Lcj-AVI pit II CxJe-jJI 3 V JjJlII *-il-lj LT^" 3^ i I_* Ji23 (J—sVl 

(J m4 Lr k. ^^-lSLJI 4-iC. 1 LuaJI Cjlj^iil JBj . ^_ jBISLJI 4_jLc^J I j 

*L33jV1j ^o"<jr o ^I ^p^-L^jj £Ljj JUI o-^lj ^1 4j^Jij jLoZLcVI 

jlibVI ^^b ^y-L^jJI ^luiil fjjZx-u ^l j_3b I jj ^jL^IbLi 

. LlC.Lo3j>-1j LoLl^jBI J j ^“i!I ^_ua_3fcjJ Jljjk^JI ( ^j^-LaJI ytb 

4-iv^iaII 4 joU 11 CjLuoL33j^/ 1 j c^lj^UI ( j^a 4j—ml < .ill uLLIj J^uj 
jp^j i^^l 1j 4^UaJ1j jljJLI^ ttjjJI jp-JoJI iZj^Yjxla CjICj! J ->-1 ^1 O J1 

^1 «Nanotechnology yH\ l_;0»^£3» ^Ij t cjLo^JjlII 

OJ uA ^c~4j-v k ^l— jVI JlA Ljr 3 Li*-sl t-u^o LaIju- 3 JJ^pj Lo lj— 

^ i i11 (^jLi-^jl^VI (JT ^ 4_>a J-OjJJ Lp>-^J1 

- - / 

«^jjpJujLl 1 J ^ jIjkJI Lirw^Jjp^vji) ^j-uLj O^aJ JlaS fu 0*3 i4^jl1I 

.^yjloJI 0 ,Lac 4_»1 Ju 0-^ 

111^_>. i J r x> ^jpJI c-Lj iIjVI i j r x> j-u£ (JjuaJL) jjLtil l—J 

JkJU Lojj 3JlJ JlJ>J! Li>> jJj i^~i 11 (-ilij ^diLtlu i- 4 j~v- I—^L) jl 3jj) JUM 

^JLjJI JjJ (^,-S LjJLv 4jjL>JI 4.ioJLiJ 1 CjL*_jV1 U-B^ LUJ . ^Jj 

<1 A L A 1 1, t I 4 ~V-I^LlI I LlUj y r I I->Q< 1 - i A^l *1 l I ^> 1-/1 1 1 I ~V J ^j_Uj 4-O-i^-L 1 

»lUu-4-uVI ^>S^o-j V logo oldii^vtt ypop ^b liJjTiJlII 4uLSJI 


LjJV^J^j£Lj ^ J_fljjl £-A 2 ipkJlj 4 9r jui.il Jlpe-O ^ ii~4.4_ mi j o jl 4jLc. 

4-UHJl 4_jjfcj-oJ1 4_)LcpII ^uJ _33 ^UoVl o3j i—B ^ t u if^x.xbc _tluaJI 
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^jJI c-aa^jLIXI cljjJI jGtjl dlijj tJu^jJI (^yikJI jj^De-c Jl ^Si 4 l~i 4~ U 

dlijj < , 1 LilSj iSjLv ^ic. ^yaJj^o J£J 1 XAXLA3* t_9_y-u 


4^ j lllj £jAJJJcJJ jJLsE-A (jyjsij . 1 ^j4 L_) I J~l£- 4_J_ijL>J I jljVl L-< ilhJ L_3Jl£J 
jLfil£ VI ^jLlJI Ix>.jJj-1£u j»_laj ... 3j Jj*3llj 3jUJLc>Jl iflLLaJl^ 

^yjl — ^uauaJ! j ^_aiila.ll jLiJIj JflyLJ I JlLa — 4_j-ljldill 4^UaJI jjl —laa 

Lj>UJI Jla 4 jj_JLj SjL^^iiLj 4ii^Lo Alternative Energy 4 _Ljj jjl >nA 
^ln ^.^1 jjjJI (H dll j£j. Solar Cells 4 j mo All 

d^ LUl lj ^a)l Ij ^Ljjjl Cj>\ _isLla ,jj* SjJyUI 4 njh ill CjliiLIaJ! J^Iju_ujI 

4 3_i2~>» ur\ il 1 y mu II ij^-ill Lo^lj fil>> ^y 3 4 jjJdjVI 4jjIj->JI 

^_yj . ^^JGsJ I (jyill fjJi 41 i fi U ^ mi til Cj'j i mil 4_ 1 u j 1 1 j^Ijj 


dli3j t 4 _lLl*» j)j Ju^Jl d a LU 1 1 ^j_a 4J1 a g ]\j <iLaI£L!I 3jLdlx^Vl ^jL-LII Li->»yljy£~i 

<_j^Luaj_fi1 4_i_lLJ1 LglAIji_ Jij jj a~~) 3JoJy- 4 jjjl4^jLj _il_yfi ^IjJta_ i_uLj 

(JjLjjLLsu 4x.L Lla _3jJ! ia t Lfi_fi t 4Jj>tJ^ j Jy^JI jl—a 

lliSLoJ 1 n Lj_>.jJj) i<" 11 clUj jjl ^1 JtisUsVlj I -LA . Ju^J 1 J^jJI 

Tj j <n4l |*l Jl V~< i ul J^Lx (j-A L^jLJtSl^-Aj AjjIjJI j_iLua>a l-j-LuJI j_fi 

. LiJ 4 j>- Lull 4_i_*_i_i_LzJ I 3jjAJI j j! >a^ A) 1 11 4yJL*j3 

^yil Atomic Structure 4jjjJI 4 _j_lJ1 4_Kja 3_iL^V 

jjVI (jiitj t Grain Refining l J-*^rC\^ 1—^Ac- 

^~i4"n (jyJI Nanomatenals 4 _ jjjLJI j 1^11 L:r x- ju 3_ujy- 

jl Cjljjj->JI CjI J 4 j, Julia “ill J1 3 LI 3 J j 3 JujJs Jl uaj»>_9 

( L^J yjLil *i rtj l _ A-A (Large Grain Materials 3 j j.<H qL^JI 

. 4^o Jl33l4j 3JijJl>- CjLc.LLl£3 J i lr>~ 

(t-li Lc. 1 In 3.11 t- 3 h ^ 4.a_(_w 1 jJI £j[ a j i loTJ' Jya Ju JX. jjLJI Li->.jJj )^“i I j 

lyjj Lj lIU j 3jKjj.fi i JjlJii-fiV I ^ I, La-*i i 11*^ Ij 3c LaSU I jya Jujl I Lr laj Lfi^fi 

jfilaJI 4 j jjj jJJj 4_Lfijil j! jJJI { jA 4-fijL3lil Cj 1 aqoeJl 1 ^y-lEil^-fi LuLacjj 
4_}^£LiII (JjjJI dilj Lai . 4^11 fiTcw Vlj 4 j jl j^n’i^Vl L^-Luajl > J j i < k 

1 t"il^A ij t juJ ^ I dJ—I j jl (I CjJ JfclJl c JilitjJ! ^yslj—filj 

( 31V-.II d jl ■>> ^j^Su ( Aj ,,.4 (4 jusLLII JjjJI j_A jpljJI 1_K~i 1 4_^oja 

Lr^l ^-Xfijv (jr^J 4j mjIIj 4-pt i<n 11 CjVL_?eJJ 
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$AbJf 


PjjJJ LLiaj ! J_i Liiij j_jlj ^ i isi~t I i ljr a^a]\ LAjL.^lal {jr Si jLp p t 3 «itn 
4 1 j i In ) I_LA^ .4 j^LJ! Lxwpj) i£jJ| £l_L) 3p£ JlLa dltJ_ j pil! 

PJ 4bL^VL> 1 ^ ;<il 1 3j <i 11 j_i_i-u^Pj ppLj pi < ii JL>JI 

. 4j_^LlI I JjwlJ I p-unj 4-u tJI JjjJI (ju 4_ixl fl~pVI 3^3r 3-11 J) j g t~l 


oiisai ijufe 

. ^ ^_iii£, 4_*_sj I ^lx ^£pj>o tujl^jl 4jj^Lj { jyz l_jL£L)I I Jufe L_aJLb 

p-anJI ^jpjj t^jLljl Ljj>pp$k jj p*] Iji <»j<q ^L>.juo ppl c_jLa]I (Jjuqjj 
* l^jl L^p^al i n4 i LpppSLJ I dll iJ A ' ■**“ La lx. Lud^x 4_La jJ^Vl 


( j T jLjJI L ji^a?l _ a_j l i 4xjjL3t-iI diVLpI °> 4x j Ti 11 l pi njjt-Vij 

4 j % j.lLi 11 a j I ■ 11 jpaj ^xj ‘LuJI 4 -i.am.LI Li _llpl 4 j a. AI <jx 3^ i.iu a 4 j 31 
^p 9 ndJlaJI Ji^uaJI Lat . lgi^>lp-j 3_}LU pi Llaj^iLa^apj pj ^ jJI 
Clil a is> JuJw>o i _ 7 ^> oj .jp 4jg AI pa diLLipplj 3j jJ I 4 |*ia i l g,r Jd.XJtp 

dlL (j»-ip l-d-* <— x }Lj 1 I e_3 i di l__pp, Ij j 1 It..! i 

pspu_ j_uL) i^jlpl p3 4H_)lp pi (JjVI ujLJI p tdil fl i^ill 

. dijpaj L_3pj <4_igpj 1 lULp. ^P l^-aJLifeax*iJ pJI JpaU pal lm 

px p_» eLajpl 4.i a iS> ^.a jjdJ jJ! c_jLJI ^ j-Loj^ 

(4j3jLU! j!pi (jr^- 3 ^^-u^aLiJI p^3LdJL» 14*iXKppSljJ 4^_—»L«JI 

\jJt jjjc-a jllsj —3j . L^j ^ a~n pJI 3j—JpJ I IpJlj L pLpli^ajj 

djUiUI ^L^yijP II t ^>- <s i i(_j»w-sl *u!l pu^aJI pjju t *_ »LjJ 1 

jj 

diLiilil 1 d%j | (4 j^jLlII jlj_11 J-Idl ^_3 4 a pi I 4 A I" ->-11 

t4j^jLUl ^j^jpjl 4 i g A \ PJ Ipijj . jlpl dLlj dlljlp>.Li 4 »u^>L>JI 

j> 

4Jd, is~i Jl3lB i4_L>-pp£Li jjjLlJI dtLtf i I p9 (4 j^jLLII 4 ij il j I pLa 
j|p 4JiLa!^ liLaj L!jJ I PuaiJI pa^juj . 4-L ^Li ^jL-uJI pux3JI 4j>.L-u-a 

. 4^>.pj 'iK't 11 1 pj g AI j L^LLI (3ps Lsttalojja t4xpZLa 4 j^j Li 

— . — t * • a ^ _ 

pa ju 4_d^l_La^ P^jjl! c_jIj£JI 2 I tciJlUl c—iLJ! d3j 

t. 3jl.iV a CiVLyi dU 1 >>LlII pwppSu Px 4pJLl dll 3 WLi'ill 

p-c^dJI^ Jl*JIj ‘(^_«-ul^il puaxJl^ 4 j-- I 4_)Lxpl^ c-«_LaJL£» 

,jLat>oj i(px (^jL>Jl puaixll) LpLipl llj 4 j_ljJI pLo^vj i(j-dl_aJI 
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***** 


3j^>» lj} O l_i_uL u>J 1 4X. i t J 4 ^ y JmC liJ 1 is\ a 11 J lZj Lujj-iiJ V1 <Lc l • ‘-s* 

4Jj 4j 4 _s!jj I * >lY\!I . (j <"if Jj-aaII ) jl t <Vn uVl 

* jjLJI Ll>.jJj j^g! ^ jl wV^Vlj ^C. Liojw VI JuljJI ^ Jl2j jJI ij i".f jjIjJI 
t_/Li 4_a_il_3J I 4-mj JljJI 5 < ,.4l ill 1 inj t~i i ii a 4fJL*J! ^ lc 4_i f LoTl^VI LAjLjTj 
IjlA ^^9 LgJ 4 m jc-jJIj 4 jal» II 4l^ md^Hj i jJj j&j. 11 0 Jl$J 4 y~ ill jJ I 

dJi^J ^^Lojl^VIj (j J)1 t^\~t 4^1 Jjjj—II tJ j-aaJI IJLA ^jiLaLu La£ 

jl jijJI 3jiL~LI.ll L^jL>.J-^jO j^O 3 jl J~ t nVl 4_j_lij 4^3, I 3~ 1.1 Ll->-jJj) ill 

j 1 i t'j*\ \ j 1 A ) 1 1 ^~v .a 1 i ^ 1 11 I j^a 4-iaLJI JjjJlj 4 jjjjlJI 

i—)ji^ 1 Ij ^Jl3jJ,I ,J 1 a .iiJI Jj J '"* J j*LJ 4-aJLaJI 4 jj>. jjjj£jJI 3 jtt3II 

j^O ^JUJI JjjJ ^_)L>JI lJl3j 1,I (ilU j£ J m3tl jjj . ^ aLJI 

4 *lj ii J*$\ cjIjjVI j-c 3 jl>>Ij LajI ilc I (_ajcj l- 3tjjLiJI Lu>. jJjJ5>L 

. 4_i 1 InjJ I 4 j.a-iJ I Jnln%- jjjjLJJ ^cC _i i _ T fl 4 agl 1 
4 _a-s L>J I 4 j 3 j i Lai 1I j 4 j~i -a- ill ^jLuJI ja j j~X II 4 jl4 J j-u ^jscj cjljiJIj 
ju^LiJI jl JL« tj-iL-JI JL?c_a j^LoLJl »LqJLaJI j^a j^lj J>~Ulj 

13 4 4 4_jl~i < C 11 I JlA 3uljl j-c 3 jj>-j_1I SjljUJI ^lj_4JLJ • 4 J iln U>l I _al_C 

^jliw i \ r a (. 3 3“| 11 ^jUI! f- 4 i. 11 <’Li3j >^U i mjlo l_jjL_4jLj j^i-uo 


1 ^ ~»- 


4jLt3«nVI I dj_4 lI_jL^4_uLi_u 1 i_il3iLII jj jl 

^_) —I I —LA .V 3fc-i ^yjJ I 4 i> n 40 I i iij-I IJ J t\i VI jj“'^ J 

3jj«u 3 ^yja t4_)LiiLl I 4—uolJsJl 4 j irt !lj 4.j i 3“ 11 Cj Lstlla-uaJL I £. ilxj 

,L_jl3UI 4 jI^J 4_3t>3j)j 4^L>Jl ji i-^xi « a 

0-° (J^ —jlHal ^jlnr .j ^—j. ^ l-jj— cl jl _>jlj 

4_Llo LcJ I d-Lu_JI j-»Jl3_JIj jiLJlj I j 4 <—) LiSLSI )jLAj[^\ L7 L. 


, LXSt. n 


♦ 4jlaL>. LoIaJI 4 _i15vj jllu-y^/l — ( _ t judjjl il 3JUjj 3jjHijJI 3jlj uj^/I 

JU mil Li-Ujiij t4j-ai*JI CjLfcjMJ lIxjjSLII Jl |»L»JI jj Jail (Jj^l j 1 tu~i j * 11 

jljLlu-mll 3 I ^QJLjlI I JL if. jJJ^jJI J-Lj-uJlj t j_uj_lLj l lAj a a jjji^jJI 

^^♦JT 14 j a 1 * 11 CjI 5tj^U O jj£L! I , 1 ^1 *J I j_jj_aJJ jVj^l 

3jl jLj ^_yj^Laj a^LuJlj jiLjuJI 3j a3 lmJLI 1 4 ^ > Jul * n 4j 

jd>- LJI j t^.a *>- —u I j I jj I lLLI . 3ua J 3~ 11 ^a-taJJ I 3^j I j * 4lj_j I 

^1 i is> 3jj3^jJI ^JLa jJL» Ij t 4 jj_i ->i 11 Lj_>»jJj.i5v.~JI 3jjI Ju j^LoLaJ Ij 
. 3j a-~< 11 4-La-hJI La^jLii^lla -Lj. 3 aj j In 1 1 i^Jj JLaJfc^ jjj^jJIj t jajjl 
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^ubL-w _mJ I CjLI ^ InC I 4 4_oojJd Vj 

^yii± 4 Lsfc-j *}LkVI iLL-*JI 3 juL_uVl tt_iLi^LII <—3J 3 ^ 3^_i_>-^ (JJlc. jo-ua 

.jLLJL 4jL>ai_>.j 4 3j_aLoJI^ j^fcjVI 

Prof. Dr. _<-« jIj—<- uVl ^SjJL —».l <jl _}jij 

4 -jju lZjJuoAjj l£jJI tCxjjuaJI jJI ^JLftJi iKenji Suzuki 

. jLLJL 3 L 4_*_4l_3t_» jl^JLl C_j^_rt_i J^A, 4j C L 4 Cj_>iJ ^J-^-aJL C^jmj 
i Lj 1 «~j.fl i 4jL> 3 jl l_LSt_a i i LajuD I^J-4 ^cJLjlII t 3 4_Ls CaaL>J JlII 

jt 

. 4 i^i ir^>V") VI Joa_a_> Vj <Gl>- VI ij Ju^-J V i 4 4—i ii 3 ~i » I 

t^jLjJU i L^_ij?t_j| ^_oo ji n 3LL_uVl ^Jl.t 11 _1 3" j 

i^_>LJ1 ^q__Lc. ^.n ml 4_1_4 c i *4jJLL*JI ^-jI^_>JI juu^L>» 

- ^ 3 aIo <Ju^»L 3jj_3JIj tL_Sj-cuII Cr 4l*JI AjvLa^” Co bJ 

JL^jui ^1 iCjl oLaVlj —tlJI CjLjI ^ jJDI (jl (jr 3j 

J^tJLI 3^_4 _uV ^jIj» ^o-^t_ iI*jj <LojJij La ^lc. i4_oaA*JI CjlacJ^LI 

4-4^-ll Jl^jlJLI 3j. j . o n 4 _Luo I^a jJjvl L j^a i^_LoljLll^ LJ1 (j—* ‘4_ljj_>JI 

« 3_5^_jlX b ^IaJI (jr^ 1 ^biJI jjj iLjJl jLoallsVl j^yJI 4_yaljJI 

fi g / a Ca^Iaj JjJJI - ^yjLjl j ^ 1^33 i{jr i \ 3 kjr A\ - OJ ji X^}\ ^JJ_i_u I Lai 

^uJI LT^° (*^6^ ^^^jLoco Lev ».~i 3 la~/4 4 4 i rx- is\t ! 1 3 l_j _>JI (^jLa-o 

. jlj 1 I 1 >a Jl^la JuL_u-<jj y i ls \IL ^c-4_lL>«j *4ya-~ IIj 

I t~i 4 A 3 I lj^^o o-jLfLil 1 JljIi ^>-3 3-c. 4 JUI ^ccl 1 b_b 

«4-4^-llj (i4j3jotU ^JLc.)) t_r<^ 41 ml< 11 ^Lioc. ‘J-u»L^VI 

11 i 1 4_U 1 3 


^jiji 1 **c 10 vi 1 3 jjoio ni<x .^.i 
Cu^)l 
2010 >jUj 
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Jj^ju 



I 


Aajil&JS jjLJI 


4_njji i j f -a 4jj£Lq 5^_uLud 4 a K iNano ^jLj 

4_jj^?I I —£j ^JLiJI L_j_i lL Jkjljp 

LljLx>> _ LM ijr ^ C-x£j l~l 1 (jl JlAJ Oj r L^'$\ 

Jl5j . a I \ IjlA 4— jI Ju Juuo 4— 


^ 1 |C~( 1 I L " \ 1 ^ I I U~, ! i ^ A\ 1 I ] I L ~* \ 1 4t 1 

£j2flLLn jjLiJb 4 ji 11.1 lZj!jL>oVIj 4 <i 1“ V U 
OjLlS 1 JULJ 4_i_i_uJ Jjlj Lojj L^jjo 

b^-iio Cxlla jjl JL*j 1 1_ 4 J ^ i t~i i 4_iic 1 

JLx>> c_x£.b ^-L>* jl JLpJI 

^^bal ua4 ^^yuaJj^a _$1 ieLo-LlII 

• JLpJ! CjLIjjj 


$jjLJb U 

4_*JJI qj* 4jjjfc_La 4 —j jb jjLill 4 n K 

/ ^Nanos ^jJs» ^_ *-»jj 4-ajj-iJl 4_jjb^jJI 

jbLa {ja Ujjw jjLUI LT 1»-J Jbc_a 


jjj UJ 1 1 i **■ jJ ^ >C i . ~. jt^a I« 

(_y <•■ lr 


4_4tl_ufl ~ g ' _LaVl 

4_ud-»JI i-Lj IJ)Lj»oV Li 4_LLLcuJI 

al j 1 l—i aJ..LLL I 

1 ■ ^ ! 1 ^ d 1 , ..' ■ ,, ^ I ^ j I > 1 1 
£^J9I ^^j-a 1_a>^. ir. j 4_ l > 11 j 


■ 1 1 1 * 1 T d_j \ < 1 
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£dUt 

3jlvj <Nanosecond j 4 jjLj ^_ilj * a °i. (jj^jla l_ 3JI <j-a Ujj>J 

.«3jlvI^J l 4_x_iLtiJl (jja jl jLo I ^ 1*3 (Nano See ^ 11 r\\ 1 j— •>" j 

^Jl LCujVUI Jax^JL * Nanometer ^jJkIuu ijilbj 

* * _« 

cIajkj VI V (jy^JI I Ju>. 3^_uu-oil f-Lj—J jVI Jlpoi ^L2J 3 jl>^£ tnm 

jLLa^I _}Laj I '^jC- j-tJJtxLI 3 jl^jJI C_LA ^JLxI— i_uJ^ . ^j^lSUVI (l_j^— iaj^5jil,l) 
Jia 4jj..^.yjl uiiLa-j_4-o^Jlj LV->dl j ujL^IIj jIjJLI cisljj (J^ijjLLaj 


(jLtLaj j 1 a 1 <aJ 1 ^yA ^jL_uj JL^I^JI ^JlajjLiJ 1 ^ . CjL_ uIj L^_pSLJI 

J-* jLjla ^ JlvI^JI jIlU j — „o»"o jl t^pll iy* *-J —^ 


Jj£-* 

d iy~i J." a 


JpLa J-ilju JlvI ^Jl j^LajjllII *4jjl 3 allj * 


( 2 ) 


ILill 


11 tloj Lpl 1 iL-jfcj Lo I jl ^) Jlx^JI jLc. ds Ij3 jj-A 3jli 13 _ a 

. ( 1 — 1 ) JltlJl ^-i-a Lc^ Jl I^t.Jn.ft.t 



ujijii J_a 3jj 1 3 a Lj^SwO \ 1. (\.ut u lajajo p —J : ( 1 - 1 ) JSL_JJI 

Lg-ua.i.t L^jlL ag jZl£\ ,jL LagjU 0.75 L-^Lo 5J^wl_gJI jJa3 £_JLJ I JU^J < 


a^gl >1 it 1 il>lj-i_I I 1 * jl t-» ai 


t-i_iLa_a s,ry a ^jl_a tt>TI t a ty& La£j , 

(4) 

l-L**^g I^I_ajjU) £_Llj 


i 1 Jlv 


Oj jt 1 11 ^LuIiVl Jl>l -lljul ^LlS (> ^ t B 4_a.l '>~i 111 II ^JLo J_»l_jjl 3_L>.j 

^ j i t~i 11 (_P-JI _tli VI ^1_3ej>. I j-*_u3 ^ J-a t_l!lj_}lj 

f 

3j_la_j ^.L3JV ^jLUl I (jl \£ j»-3eJ,I /yi JjlI t3 jlv^JI oJ lA^ 1 j-3rl i <iIj L^ic 

t L^l_3t->. Ij LajLljI ^jLiIj Ij t lli ^LyiVl i jyuu jj-A& 

j I3^jl La Ijl * Jlill Ja 1 i 11 °i (2 — 1) J*v <*>> 11 ^_iIs^-a 

\j~i ajj^_j_o 1 20j 60 ‘Lil J,-»i.j. n°i t^jL-ujVI jJuUj ^ya SjlvIj 3jji _ill 

1 1 a td^-Li-uaJI aLj-t uVl J^lol jj^LloJ 3jcvj t ^I- a >11 ^ 


.(^ILq^jLj 1000 (jJjL-uJ JlvI 3 JI jJLaj^p^ill I Lsr ^JU I JlAj t Jl>- I^Jl jJlII ^j-a 
jlu Ulu I jla 120000 ^1 60000 j_>Lu ^yu I^JI 3 jJt-uj j In °i ^ji ^1 
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JLdkJI$ ^riUI 


JjL»j Lo 2.5 j_ xj jjl_>-«_)^U ^jJI 3 j£ jJaS 

j-A^ jlaj^£j-a 1 3^eJ [jjSiSLj ,Jl^la i (j^/L.3 a £_Lu Ian, tjla^-iL, 2500 

.jlajjL 1000 JjLu La 


I_LA <jI Jl -1 { _ j ^ ^jLUI Ijy JjVLLa-,1 (Jj-i-9 4il <4 k-*.^U,lj ^J-L>J1 ^yz 

jl^ll ^-Lt i^gj 4 j j ^ylc. 4 _jjjj>1^JVI^ 4^j^^*\ II CjIx. LiuaJ I ^LqIaI 1 - * isi il 
t^laji^^ j 11 jlmjO ^JJ CjIx. 1 d_LA CjL3*^Jt-aj iIjI ->~i r a ^5 4->aJ^“i —ml' 

3j^j>. I ^LuV <Lu3j2ZS y l I 3j»£>*VI CjU^SLo j. jt 4 j a AI lj—£jj1 jjl Juu ilUj^ 

(jr juLij L*J 1 cjL *^<u ( 3-°_5 • |>*—*-u ij i 3* L3 <J7 lc I 3 4 Laae^ * - jl-ua I 

4 _j^iJJ 1 JoLaJ VI {_yA Jr^ ti - ui 1 - ' _ L ^ _«-"l ^ C * Li i i~_i_ul jJI ^JLaj^£Lj.U_) 

4_ix3jJI cjI— uL£J1 * 4 - 13 ^—lxi j j ^ jU Jla i_dJj J_ ±3 L 4 I (j Sj 

4 < < /1 > 1 1 l** < L -»-1 L 1 s-\ 1 1 t Microorganisms 

L-.uj d-ilxllua ^aJLc. ^j-3ji _L9 a l-LA . jlm jjfLj^' 5 «L>^j 41~> mj-I 1 3^ JoJl 

^LSjJlj ^jl^-UI Jl 5u.LdHjl 4_u a ^i£_lVI 3j.^jv VI ryz Lfrj X a 4-1 Lilli i 3~il^JI^ 


O^LoVl t L^jj-LS ^ i^>4l j^JI cAmj -LS 4j^JLojj^-J.I 4— AJjijlUVI 

VI 3 J^>-^11 CjI jcy^jjyi l^jlJI L-SLa-ual ^ic ^d* ut» I ^ i I l^-JL 7[ 11,1 

* f 

-L3j .^Jl ^-A Lo Clilj^lMjj-jl^lU <LaJJl,l lIjU^LH OjJu-a I jl 
j-u£ dicLlaj ^Jl jjLUI CjIjjImjj-jI jlJI l1»L,^-« j^lxj^sA {_yA ^jfv -al)I ^ jl 

iCjLjLuJIj oLojIlU l ^ r A L^Slj-L5 3j)Ljj^ 4 l_j ^ul^_>J I Of Ld^J <£.J ^ 

jlVl j_Li 4j Lc^a t LAjLa-iujLj J3>iJI_3 L^aLfcjfc.1 Llajl dll j i£-i'_9 

.^k^jJI dlj-i ^ jJI J-=tl!l (jr^- LAjLUjI 

L>j ^_5 LaAJ V J 9 I C J-TC-l 10 l _3 3JL31J I ui_jlj^j I 4x.ll LllJjJtfU Juis jJUL,^ 

^1 oLajMI^ CjI_iLj_lJI ^ _3 L^jIj-L 9 O jlj _ 3 lOflaZ J _ oS'lj 

^. ua I -L3^ . LLI (jj-3JI ,j—a Cj 1 j1l»— i_ullI 3jl3 4 _lLc u ->\£ La l_ 3 1 t.lr> I 

^ cpi i_u_a ^1 4_jjj^lUV I L^jL^SLs Oj-Lua O' ~ > - x i ^— 111 ^ L 4 3j 3*v -ill j 


(Jla <3J-Lala 4jdjlSj 0^ L^Lfcl La-a t 4c.^ >-^l C±ac_laL3 *^jLl]l 

4_>J Vxjz i 4_Lj^i£LIV I <Jj L_ujJ I J1 j 3*i < 11 J L_oj] t 4 j j j 3 i«11 <£_i_U I ^1 J^_>. jJ I 
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CjLjLj-JI 4 >JLt_<a l_^>aI JLa-~i i,il t <Ut4 -o.Hj 4jj> Jtajl 

{jy ^ a LJI Lu_uL>- I cL<Jfc-uol^ t Jj 1 i it^JIj 4 jIj£j JLS! iIjVI j 

“ £ 

Cj \ JuC l «it4^ 4 J Llll I <—ilJ I^J I lLUj Ixj Jlx J 1 _LA . L i_JI^JJX 

^ Uaj JUolj (Personal Digital Assistance* PDA 4-u^uii j 
. L^-lLi Global Positioning System * GPS ^LJI 


15^' 10 


>ui >4 
120 60 



f ( S '*** 1 - 1 ) r* ‘ - klA 10 -i >- 2 ’10 


>1)1 ji a ^ _4af 

2.5 

u X 

1 


4^jl jj*. « ■-'■>- 

10 

12 - 2 *> 


-*■*' AAj_tul 

• i >' JC Ujijul J.ji^av > ; c i 1'| 



ijjlt 

0.2 



U {>J>- 1000 )/^LU 1 -J 


U (>i^ioo )^o.i J 


L (>j> 10 ),^0.01 J 


L 0>,u 1000 ) 1 -) 


I- (>*>^ 100 ) j—jjV 0.1 -I 


p (>*^j 10 ) 0.01 H 


(— (j—^ i ) >*j o.ooi H 


L (>*u 0.5 ) >j>V 0.0005 -I 


l_ (>*>ii0.1 ) >jjV 0.0001 —J 


> 3 '10 


> 4 ’10 


> 5 10 


>10 


> 7 -10 


> B -io 


> 9 '10 


> 10 '10 


jj. i A A LU I f. LhwiV I cK 4 -i-LC jLa_)i ■■ * '' Ajjl A4 : ^ 2 — 1 j I 


(4) . 


j~, a^W'.W^ j~- ajj C . t i j "■ ^ 1 11H ^ ^ >4 j\ Lq *>« a ^uLi-S Cl 1 JL^^J 
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fei *4Llt 


Sj-uTill 4 lUl Lilli L^L Nanomaterials 2u^LUl jlIjll L;;< 4 j 

jl LajLsjI ^j-u_iJ LLq LZj-j^tJ L^wlojj ^>SLqj l <Lo JLcHll jl 3 II a 

IOOj^Lo^jLj 1 4 j.L~v-1 jJ 1 L^jj 111 jLaj? 

l)1 ltJ! Lilt (J-U_uLLcj r L^I JLjj.(3- 1) JSL^SJI 

Lfc J Laj 1 Ju^j I I Sj. 1 & 4j JulifluJ I JI j aU I^j Liu4 L£^l 4_u dll .>.uj 

V y J 4~i 1 1 3 Jt-JJ lxi (Jl m- k j dsLi-uo L^j (jlj t^IuajjLj 100 If 

* . . s 

J1 j_4 4 jj-i LU 1 J 1^11 Jl*jj . 4j JdliflaJ 1 J 1^11 4»o~iTa Ju>-I oj 

| ( 2 >- ,Q ^^11 ^3 <-n L_u V1 4 j 1—Li 11_5 L>J1 jj^lJ g Ill]I 

j N" 1t t j_)LiJI Ljjn.^JijJ&j) <jr±j _ JujlIIj ^C, jL>J I (jjJiJI dil J»1 3 Nj 

^, Ld~i I 1 jLi * o J > LX ~ lj (diVl x^jVIj dsLojLtll N~ *4— 

. L^ILua^lJ l^)_LL3-^3 3jl 

Lilt (_ylc. g- jyt^i 11 ( 3— 4 1 J^y ^ 3 1 j gJ 4jJ1jJ1 Jj^ 3tj 

. 4 rth V 11 dll fljjlr>‘ ill ^^3 1 Lh^j <>>-»« i 4 jljll 

iJs^L lJiI^ dx-p> t j.14^11 4-j^-Li 4 j^_iL it1 J 1^11 i~iT>j 4 IJLA 

j I 4 j t j i Ir» j Ij _ a j I 4jj) i^C j^c. j I 4_jj) 4>»r J 1 j_a j_ £j 4 Lfla m i 

J. IJ-) lit! I l )ILq Q _ >-*-! 1 4-j_i_u JlI^J 1 J I ^11 ^IjJ I Ct ^ Jl* 3^ I JUfe . 4d a 

djM _ uo^ll 4 >L _ di iMetal and Metal Alloys 1 4 _jyUJl 

40xides and Minerals ^jl_*ilj jj_ 4 Semiconductors 

j-^c.*~ i (^yiill 4 _iJ^Vl jlj) _tI 4 J 3 ±aj juLj Polymers dil^_qjJ^jJl dl_JLx£j 

.4j^jLlI1 6j ^-v-S/lj ^ 1 31 1 J-Lljlj ^-ud>i_) ^ 4 jjLJI Ljj>.jJjj£t 1 4 alc 
JL*j — LajLljI Jl>-I i j_ujjLi>a d _:\£ Lo 1 jj «4 jjjUJ1)) 4 4i 4^11 3jLU ^_ Lqjj 

.jJLojjLj 100 Lo — J^Vl ^iC- JljwIj 

4^j1 ^' 4 4 4^11 Cu il£ gin 4 4_wo-Laj^l ^ ^_LSHjj 

-CL 4 JJ 4 jl^ll f>\ CK^>- Ij jL*jl IjJ^ (jj —" 11 d)lj_jjl~l ILi 4 tLjJ^-LS jl 

4jjjLlJl jlj u dJub 4^1— 4_i4j v In 4 Ill 1 j j 4 m~ 1 1 I i—A 

o\^ JL11 i u ^L-fl . 4 At Jte 11 4 _l^^ iJl j 4oj1 J 4j^ 11 di^Lc. 1411 1 
^1 l^i <j\ jl i4i 43KU Blood-Brain Barrier Jo-oljJl ^jll 
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^uji 


ix. ( 3 3~i 1 4jy>a jJ I 3jjJ—II jMiw (jja jJLi o' 0-° 


^LLaj o' O^ 5 Lr^- 1 j-l' o' O-' 3 ^j^jLLJI jlyll CjI ^ i n-w j_Lo 

Ljj-ljjJ 3qxjSL) 1 pi-<-u_3-Vl Of. \ 3*\ ) J-CJU ' -LA £_U! a I _^>J1 

^yS 3yA l LMI ^JlA jjja i Xxa3_i_J JUi3 I jJ t Cj l jJla^JlC. ^yjl L_yol_rtJV. ! 

jJ_u-oyj ^—I] Oj CuLyO J^CS CjE yj—i_u_>-J OysLic. qjL^j 


. L^jJfc-w J I L^-i-r> 'plcl ^3_> o' uj- 5 O"^ 4 _J (_£y ><0 4Jljl jl 4-jJj *ljj_II 

£*JL£ej oV 1,^.1 AI _L3 4jjjLLII jlyil 0 JlA pLac_>.i yiu^ o| m t o^j 

ui-L^JI ^1 Jx<a3 ^ O- 4 JLxU o'j 1 j-l' 


I^OLLxo ^EsLju 4jt>a 



a Ir> 11 ,1iy> 3J 3 >■ La *jj ■ ■■' QS. ><JI O'—V ^ I 3 j 3 _ux 1 I £—Layj [3 - 1 ] QS .Vi!I 

High-Resolution Transmission 4_aoJi j-aUJi .^^sLqi 

4_jyjU cLii ^u> jLx^>,a o_^» 4_aJ>« 4 luJ Electron Microscope cHRTEM 

».iJrli>*~) p_i Zr^Nl^Alj^ py LLayJ 1 — QSI I 1 - jkj^xJySjj-II >M ll I Ml 0-4 4-Jyt^ 4^ t 11 n T 

jL*_)t O' 3^ ‘ Ti - ti 1 Sa->- Mjj .2003 ftxJI ^ 4 laf £-4 l-jULSJI lx* lJiJ 3-a 4Jo_u^lyi 
^ If* 6 j 3 *r"iTI .^3 13 . Ljl^JLayjlj 3 jjl *fc>i*t >V p ^ , “ VI.) L 4 JI jL_Jj.l wjLjxOxJ I jllafli 

> 1 1 l~l 0-4 4xxy>J l-jI O'—i3Vi iJJua jL^jJI 


Jlyt I C< 1 A 1 JlS 4 O 3 11 nil qq^~ ly-> 21 ^ CjLi i^U ,013 o' *■ ’1 ■"' "2 

L^O"i—t3ijo La ^.15 <Z.tJPCL.Li*o 13 Ju J ^J I jlyll 4_<i_9 c-^LxC. V 4jyjLiJI 


JS'ji 


l 3 p UUj 


‘ 4 ^ 1“ -r»- II , ~ >1 ^1 I * U~, t \ a dj L 


< I 
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i li lill ^ jjUl 


yL jJ 1 Ly 3 i£o ^—i_uI I gjlr J) 1F> I jJSu 3 j 3—3 ( ^pLa'i! I 


JLq toVLaJLI ^ 4jy»lil! j!^-J.I c .Nanotechnology 

ntlj £>L*J! jLfcja 1 4-jjJaJ 1 yxSLdjJlj 4 x l i io j l-JoJI JLse-a 

4j t iji 11 CjLjJJII <L>JL*-aj 4*0 JI ^ylc, Jo LotkJ I jLse^a t ^ i La 11 

ft ! CjLi ^SLq 4x 11lo ^_y_9 J-L jOj 4j^_»LiJl jl>U < JlLg-jj . LyJljl^ 

1 jla .4 nj4jJ 1 Sensors ol <<iL*loJ 1 j cjLujyiSJ'^I *4_J^ 1 ecL—^L>J 1 

4_Lj_ojJ 1 CjI JlxIIj 4 oJjJtil Cj1jJ^/1 4x LO-o LgJ^io )J 4_9Luo^Lj 

Jl>-I O,Lael-Uj 3 jljJL>JI 4^LLJ1 JLsc-jo JUlj^ .<dj—i_u Ju>. ^yix 4 a jLLJI^ 


4j^_»LlJl jl 3 I! ^^ylx jl <wf Vl J) rt^~j Cij-w tdJUiij_t-uJLl CjVLjeJ.1 ^Jb I 

.Fuel Cells jj^Jl Solar Cells 4 y^a_cJl LyLLJl 


9 La-%. jljJSUJl 3 LaU 

(]ya VjIjGj Ixyj _ Cu jl i^Vl JbLajVl (j-c (( Li-yjJj i^~i » Jn aJ ^yr 1 


* 4-seJ 1^ «4 jU^ j. _J.*a tcj l -Ci 11 J. i9 

l J_i_i_ 9 <_ulill 4_ j-UjJI yj j_3»J I 4jL^j jeOa CJLI„ 4_ jL^Lojj 4_jLuiLL 

. 1 JlA LOay j yjj-Jud I QyiaJ 1 ( axs-^'iA 4j 1 Ju yo 4_Ll9 Cj I 3 i m 

. LX I 3 1 j x.c ^jjoI 4_jIj 3 t 4—yJo LT> >3 ^ ^y * 11 4 o>s^La y>a ^Xyll lyj 
4j Ljua ylil lyCLyaj i Lgj^ j J j jJ 1 ^ J_oj Juo 4 _j ^ njnjl £j 1 Oil 1 j 

4j l_j_uLu-uj pJL*J! ^^^9 jj^aVl di 1_1 . £~t Aj l-AOl </Vi91 

Ja-oill IJlA ^Jlo^ t fu o-°J 4 L^jjLq !j I 40 JL- 0 J. L^9^ L^ajjJojj 
o-* (jr^ L ' a L^J ^ ' (jJL*-* o-* C3— A 

/yJoloJl Jjlaail 4_a=_ujj « lywyl^iSa» Jo_ill a uijyj 4 _)LlC. 

Jya V] Lj-^^J ^1 1 l-9^.. ju ^JIjlJI ^ya_ »jJ1 J^9 4 Ja_ill 

LltLc La. t^y-I^ ~>J 1 CjI mL-OHj 4^yl<a«JI 4-uaJjJl CjIjLij^ l lILIj 

* Biotechnology ylySJil JLa t 4 _ybUI ULx Cjy —mi 

L 0 . 3 J 3 X 3 t Genetic Engineering 4 ylj>h cjL^I 4 _l^jlIa Lo^JySJ 

t Coinmunication and Information Technology cjLa^ixlljCjVma:^! 
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$riUt 

.Micro-technologies 4_m^jJI cjL^w^J^XUI 
.Nanotechnology ^jLill I^_l>.Ij .Micro-electronics imijJ! 

. 4-flkcrU *JJ LSuo I Jufcj 

Ja—m 11 1 LaLIaaj Lj>-I ^^yk LLo^jI Lo I 

jullj (jj.i CLi 1 *j la 1J1 JjJgLJ 4 _i a IjJ I CjI 1 1d~.IIj lZjIj! flll 

j l . Lo 4K-.U jj) J q~ A J 3 JU^3 jJ^l>. ^U3J (JjV I ■ -O 4 J Q 11 11 d) J SfcjJ I 

^ / A jJ IJ _llll k 4 _oul^ 4 ujJu>» Cj i a ^ , -k, ;Jj 

3 j-& 1 Ia£ LijwI I .I I -1 a ^j-o LlI ^txaL . ^ >-«il__uu^L! 

^ Iru u Ju_o ^jl oijVI jkk . AluJLv j 1 dJUJu>» di i ..j 1 

I . 4 j 1 ^ 111 4— j I^-a^- £ Luj 4_jj L>u j—.LSJI I I . .l A 

Jjk» jLfcjV t L_^j^-?e~J ^yla I1 ^_k I *wt*i djL>.j»3e_-o ^j^JLl dU j J_*_> 

, VjijuJ 4_!Ll3 4_kI Ju CjIj jl 4_mLSj l aU ^, 1> n .".i~ d.fi-c \ iju^Ja 


4^0 ^j^Ltll —c*il ^ya (jl—i-u->Vl ^jSLoj ^^Jl 4^Lm>VL Ijbifc .<dU^l 

l$j 42JUJI l_L I j _dJ I 'L&j. j ^ >jj jt_La_«_« dt->o 

4j^yia dj L£J) j i-u-Q ^yk I ^ya 4_£Lc-i pj t I g <_y^ 4 lS» I jJ I ^ I 

a jjj-o 4^3 l^ 1 j*v— ojJ I i^y-JCL dUlij 

.< 11 ii 11 O-i IS 4 <a djLo I jL?&a j-u I diJ j i5ju>> U~ 

^1 4^^JI J^L_ JJL IJ 4_>1 • lS\ 1 4jl_djVl tj£LcJ 

l-j£j£ Lr^- o r 4_y-A 4_]_^xLo < j^o Lo j I, X. a ^ lr. 4 "i^>-1 j 

L4jI J 3 Ju J_ 2 t_) O j_u-lI l^J I j Ju>- t tj ~X~, 11 5 ^_a1 Is 4 .^jVi 

{jj* ^mm_Ll I ^yk. I Jufcj . \n a4 ^ Is ill I Jjfc L^tS JUJu>JI 

( 6 ) • u . 

. y (J^tjll JlxC. 


^jLJl Luvj-1S3j ^jUti 
ojls%. (jjjJI ja.Um>L» 4_ml—^ Lr>»jjjiSu ■ ls>< > Louj 

Jjj-jiJI julj 4 _ 7 i-II Nanotechnology _)Lil Lj>.jJj 4_> 

^ \k 11 jLmLa^/l jiLo-jVIj ^jlSHI] \JZj-zx. _umJI ^LliJLIj * ijr±j _JmJlj ^jL>JI 

4^jjtllj ^i*JI ^^yk. 
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>dUI 

4_i-ulj-u jJI fd*Jl aJJj Nanoscience >»LJI pl*j ,i 

*4_±IiL jI t4 _±jL y^j£LII L^JL^iiv j L^ol ±*-*3 3->LlII jl^a t a j ■ ^jp^a 

. L^ja L?t_>» I j-xijuaJ 4.i<u Lli 1 4 U, .Ij. 11 jjt> | jJiJ | 4 , ■■ | j j 4i ( \_u [SLlI I j 

jJLajjLlJI jljJ.1 ^Lst^N. 1 juJuuOlJ 01 Cj^~ Ljt lCm 3 

^ glf.j j c-j^LojI j 4j4Ij 4 j air 4 <i i mIb yJt Jj t 4 j I j Jl>. l^-LA ^1 

^Jj l 9 J^j t 4-i^l j 4 _i5vJ I j 4 JljQ j.*tl elj Lj^JilJl CxjI^j Cj 

fi 

ur> I ^_>. i_eeul iVil 4jjj Ixll jljJU ^luL i—Sjjij jlj-ll 0-*® 4-UJl>. 41b ^LuJ 


Cr* °J—± 


0>^' I 4ua. JLAllI 4^-^ tj ;<~H t^jl_ nj t tnll! lZj l 11 L-i"i.,c 

. '^ (jj }*uA ^-LC. J" 5 *”* LP^~ *" ^ 

-iJL3fc>3 ^.iljj (ji ^ ^ ^ in Jufti ^_>Lill LJlJ^JU jJpJ 1_ai_UJ 

LgJ_^>Oj L^x*_ill JJij eiUlj t4jj_*_e«a J-^l Juft1 JUlj jjLill 

aJJb j Lijj CjVLacJJ <? J_£> 0-® o! «4<i 1" V 11 4 jSj jlrVill CjVLti! 

jjlxll Lljw jJ^l£u (j| 3 t«L gLc.j . 4j 4^DLiJl j Lilli 4^>»j 0- 4 1 _t>^lJ fill 1 

4—4-wUJl 4^o, xaLU Li^jJ^liUi eLLlj L^jLj o—SLaj 

jjsl^j j_4 Lj£,I Jujj l_La^gj 4 _j _euLeuVl jjlill ^ If 

4_jJ_>-I jJ 1 ij n jfclJlj 4 j^jLLII jl^II Qjl‘>-T) ^_Lc. 4 -jjw^J^. jSC" 11 3jj__Lil 

0 a 1 ^ \ La-a i l_^J 41^11 elj1^ iJLilj jjl ‘ ^4 Kj A> a jLc.1 0 C. 

. 4 a 1" V11 CjI Lj7 Js L_gJo5j i»Ld CjLscHa Ljt 1c- Jj-i-a^Jl 

i_3 1 ^-Ld VI IjJLq 4J^_Lcj 111 I i^J -»■<>» | I Jl^jj 

J^jLJ 4_) JlaJ l dLiL> t gj.Lll I 4_-L^lxll CjljLxo^Lj 4 i-vl ...U 4 a! J a 

, ^jJlL I j ^-L*J I ' L>^ LAj-xC-J 4 j i lr> 1 Ij 4-p-u, X i^Jlj 4 _j_i_u Leu VI 1 

1 0- 4 o 1 <^>jLo ^_Lu o' >jLiJI Ljjw^JjISuJ o—£ j 

Li^jJji^rJI dJ—13 qSL^-) o' U-»l_ji o- 4 0^ cjLjxSj Sjx. _1j!j 


cjIjOj Molecular Structure 4^jj»>Jl 4jiill ^ j-' 3 

1-LA O - 4 l^^LLajlj . jljJ.1 w La^j l^ aj 4 i^i~»j 3jLU 

I 0- 4 4 ij« i Jl>.1^ (jt^ 3 - 1 ^14J V jjLUI Ij-wC jLojjJoj oi 

I qjJ- 4_ liuuJ Jul4J Jj jl 4 i^JU^Jl jl 1111 

. (4 — 1 JSLiuJJ lIj! iij >Ivi 1 ij 
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ii.iall ^iUil 


La _%-jjy :<J c-jLijL . 4jy^JI Lyw jjy iSlTJ 4_*jIjjJI 4 lm JLt^U 4 rn g * 11 

L—JraJI ^JLc. 4^>>^iH-ll CjljL>i_iVl liiij ^jl ^qJLjlLI (3^ (*-l 3 —jUI 

LU \ j 4 ^^-1 L <& ioS^j-a (jy 3 ay>oj (jLLsj-j-uJI ^aK «.I^jJIj 
3jL5tl>j 4_jyo jJ I £jy^ ly— luJI JV-i. ^-Tt_ij (jV <ylwL! 1 jlyi 1 Cjljj 
41 jl♦ 11 L}L>J! ijr l\ J-t-caj a\j g>Jl (^ya I_£jj1y9 Lillli ^—9 

fJL*Jl 4^.LLali ljj I iJ y3 i^5L*Jlj J-ab/l LgJ t^c «<i->JI 

4j^JtII 4 _j^jLl!I _>ljl Ij 4 j . n g mi!I Lj>L>J| ( c\ lZj, i t~ij 


LjUdj j 4_j— i<i a i ntl 4^LLaJI jyJ^3 ,JL%_4 ^^3 jLiJ 

LjJ LgJj. •*-_ < U ^yj I 3jlj|yJI 4_I~V iSLl] I CjLiijJl LiJ-1 j V 1 

(jl LlI J^teTclIj 3 Ju JlJ^JI 4^LLa_ll (Jl ~*- a yjLiJI Ljjv-jJ yi5v" 

L^j !j Lljjui t__9j_ofi 2 lI^ 4->JU j«I 3y ^ V I liIIj 


-1-UlJ 


—jl(JjyloJI ufJ^i l*J LLj^J 43LjjIjl 3J^ Lljl^-a Ju-l >j ,» i In" i_uJ 

0^— 


Jl* 0 £jj 

4_jj—J u.il! Jjfc SlIjIjLi wJlj ^j_3 i_uJ!j cjlj-jLLaJ! Lu^Lxj JV-i- 

L-xJ lj- <."J \$ ^^LdVl {j-A Lalx_j 4_JL>. 4 4 _)Jl£. dlx-a <—)j mi > jj I 

” J? 

IliLd^ SdLJll 4 ia ill 4jyUJI cjLst_^ijJLI j*l.i Vi <><l V 

4_Ls_*_u Ij_ 3 3 u< n^?l t-Ijl nl V l 4_iJ 1 J A 11 ^3-4_i-xjl ^J-A 4 ^LiJ, I 4 Jfl <J 

S 4jj_i LlI I JI jJL 1 


^L^_uaJl lie. 4-Sfc-Li^p I L^ 3 ^ UJ **+>• 

Richard Feynman jUii> jjl_JiJI 

There’s plenty of room at the 5^1_3JI ^ ,a<4 oJLla » 

LaLoJi 4-iVjjliJl (iJij- 1 ^ 2 L>JL lj \j-lc. 4_a-j jaII djLA _»L£ .«bottom 

3_ijL 4_LyJ ^ 1_i_iiX {J y£ »Ly jdll 4 J 4jt a-»JI 4lLfli-91 ^ _9 

^ L)^ j di 11 t La lc ^J) 1 ^ 0 ^1959 yg < iiJ^ LJ 

(J-o^cJLj 4J LoJy^J 4_aLoll 4_J LaHj>-VI <>i->. I 1 jtq j 1^31 (_yj jJl 

3j-jL>- 1c JL> ( _yJ I ^cSLIl j a 4_l_y-aVl 4_i r I JljVI 4—Ii 4f. I 

. 1965 ^L*J ^Ijj-iiiJl 
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£dUl 


LisL I ) ^ uaj ^ \^<r- f l~. i-w d ~\j . 's-% l_3t_x ^3 ^L^-LlS ^Ji_11 

pd^-Io pc. i. ‘U j j t l^U ,., jftjIrnMj d J) La p I 4 jjL£LoJ pc. ^-jJj 

^j>Jl i. illj Ljr lc J^jusohJI 4jl>3 ^jLLj p jJI ^JS[ ."..lb L^jljj c-tJJpJ d jlc. j 
j^3 41Kj a dj>LcJ 41 _la^>VI L^jI-4_ t-u pc. baba_> 4<i 1~<-•*■1.1j 2>y j^Ttll 

Structure 4 _j_ 1 j pr-u I 3j_JiLil 4s}L*JI jjJJ ! ja <LsL^I ' 

^llLa Q 1 a~il 4 ojLj.4 j& I dJiA O-iL^ e-l J_i_u 4 L^ Ijj>-J djUJ 

i Luiaj I . 4-Ja 1. a I~J I j p^^lil 4-bLp. i3 j I j o j^ll uLsl JilIILj 

■ vg~i *j L^ *L»!vLuaJl Jiu 3 jLo p^/ 4_i5 vji l5 L i. l l 0 p^ 1 

l i Ta\ Lajjaj L^jljji j p£Lalj 3 jI «U 4_iLv! jJ! 4 j IJI 

.Crystal Lattice 4_^iJI 

^J| OjLil OjjllA p>a d^_±PL>Ji. I i_lL1j 4j uJ^iUI Lc^a ^uijJI ^If.j 

j? 

Cj p* 4Lt_4_ij ^Jl t-JiLuaJ djujidw 4_iJw^J j iSb dj^jJ pb-ud^I ^ j tt- d*i 

jf 

t j Ir>~ i 11 l- iJ >yiJI 4_i-o». ^3 pb 4_J! jLtiil Lo pp3 l4jC.L i **->H 

jJaljJl (j^£- pji L ill 4 _j 3 p^djj ^ <tlf JL>- _p-3t-<a 4 jL) 4j>.L^Lo cJljusj 

Cjljj uiLp>u O' 0-* ' j>' La ^Jl 1 jljT *LJ«!I ,vH<»1 ^ ^ 14 «H 


LvI^JI jJLojjLJI 0j-^ La Lfcj i L 41 (_]». i I.^T) (jjjJlj t3_il—4 (^1 

^jLx^aJI 4 jlJL) 3l-iVl jl 4.1. a— 4 uj JI i^J^- j_^J| cllllij i M- ,l?!e i 111,4 l^—O I 

Manipulation L.,.^,i cjljjJI JoLiil' L^iin *^1 In" lmj 

dilj j j_4 l^jas4J ^ ^J 4_LLuoVl l^t 0-^ L^j^tllJ 

4_Jlx. I^J>J 1 3y_uCLa ^LjljVI 4j^jU (jj* 4jjj1j CjL£j —uj tSj-^ ' 

i_iilj 4j^-uDLrtj4J 4_jI O^L 4 iun\ q1,4.Ij4 ^ < n i 4j^ uJI O' j'J * pLVI 

141 3 1 (jylJ' Qj^ .u» H j ^jL>JI 0 j-^- 1 ^ hy >iT 

u-^L 1974 ^UJl ^ Norio Taniguchi L3 _^LLJ! ^UJI 

^t i ts~\~ 1' tiUju Nanotechnology jjLJI Lu>.jJ jiSL 

.^oVI ^JL4J 4 _j ^j-uLoj jljt Qj^-^na Uj ^jL>JI Oj^U 
5 j. 4Ja-L-u i Lac I j ^ jLs 3^_iJcd L>Jk! t-il 11 o' ol Jl 4_4_> j 

xoia^^-iJ I 035 Ij-k *- 5 11 <jlr Ig < >ui i c.,«a^jA 4 j3LLqj 




4 _y*CbjJA pL-pLy^.dJi pLLLtJI p^Lu jLsj .4^^4^_L! 4j 4 L.«.11 4jjI£Ljj q! 4 Ql3 
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r a. i aJI ViUl 

3 >Lu*L>JI *«Gerd Binning 4_L-a^j Heinrich Rohrer» j>ajj 

IBM 4^—dj 3^LaL*J1j 1986 —*Jl *Lj_±dJI J—SJjLw. ^—Ll 

^ J *i > I I J-UD^IlI I 3“ 4 1981 f-UJl (_yi3 i J-i-uJ^_4_uJ 4->S j^ US Vi 

Ij\X\ dlljjJ ill £-t-u_ll ^ylc. 3 Jl4jJlXI dlLl^S_LiiJ^^jU (jjO -1 jJl> 

Scanning Tunneling Microscopy d^LJI 0 33iH jjftj 

JjJltkjj 3jLaU 4jjLv^M CjIjJlII £-A j —“CM J_*UUI ^yi 4u LiS-CJ iSj-x 
l^j Jjj c-l jVlj l_j_jSjuJI 4_3u^J SjjI Jj^-Ld 3 ^ * 4uj^AuJI \ -AjLajI 

<LjJ Lljj d) l_L%_Jij ^ j i In > J^L_>. Ird 1 <i“ i —4 hJi^S-lL 1 I Juft 

' * 

L^ja. 11 - 0 jl jJLI 4u itU 4 1^-jUJl 7c_La_*^i^l i _ y l£. ^IjoJI jUJ^I 


jl±j .(5 - 1 Js A, 11) l^ljj t < J~JjJ JS d JU JU>UJ 

. (11) 1986 r UJi ,> aUj 

j JLus ^JjI Jd j—. 1 - 1 SJI gl tJl I j—A (jl 1 LLA J_$JiIl ^-xLau—i_ulj 

3 ^^iSull 3-4 4 j■ \2ll i a j-udjj 4uJj-Laj 4>i^ CujI d.j-*- 3 I 4 ij*4 JJ ' 

jj) 1 3 SL 4 J jjl JlAj 4u-oL>- i jJIj (Tj^ dJuljJI 4 jIu_uoIju^I (J7 _9 

42j 3 Jjt j_d> 3 * ( 12 )l981 ^uji ^ «Eric Drexler jJ_ ^Ljjj dJjj» 

^i-%J J—*_) jjIuJI Ljj>.^J^u£u dll rtj ilVn 3' *~J 33 4 j!%j 

♦ 4-LcqI ^jl>Q d)l^ij_*/ £_lj! j. a~i i-Li' J-uD^^da ^ 1 a * a J 

,j 

J-4X. ^£.1988 ^L*Jl L3 __9 (^jdl *3^ 0 Sj—± u' -y* ***« ^ ^ 

3j^_3 L^j (J 7 jJ 1 l_££^j 3 “^ 3juuil <Ui^_3tuJI i Laic, 

4 iij4jJl IjaLsj clr^ 1989 ^L*J1 IBM a£j dj 

J^aL>J! j _ is\ I c diljj jt_t_uLll ^ydilll _<-oj^SLJLL> 

JjL) ^r U in ^yln V I jJj 3Jl>.1j L^uujjU 3jLc.V 4^1 A Lda 43j_> L^J^OJ 

L$us Ly,<: >0 a£j — cJl jL* — d Ltus JS! — jdl . JSLdJI jX$ 3 -^ 

^yllll i3JuljJl 4j^jroJi oJuft ^-Uo JjlJj .5(6 — 1 JS _dJ J 4 jjjL) luft jIajIj 

j3 i£0*^ Jloj 3- 4 4Jlu Lqr. 3 1 ft jj4 jj) i n.i4j|^uU jljddl 4-lju-g-) di* *L>~ 

3 j /1 ►JuJlj jjLiJl J iS~ ^inf. (^Jl ^UJl JjdjJ lj l ±J! C t 

d*juJ dULu JdstluJj tdil^dojjlu 4 t jJoj L^aljt^l j^Laejj ^ diljjlj 3I 

. 4uJ^ In i JlSLujj jLxli3 
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S<LLj JL^- U->»tjjUJl Lf->»3 )j-l£j 

^2 4 _j^jljJI ^djtitjxul (j 1 L« lj] ^cj^SLII ^£jL3JI _Lo Jl 4 

JLat-d ^.2 i(j-U 1-uJl ^yA djLLa 3 JX. £_>*3 _j CjI3ji LalJl —*-J 

LiLo jjl ^Jl I j La_» ciU3^ *4 xiL aj^LII Clil_i£jJl 1 t j j i Xj>o 

^3^) 4 -xj 1 _i*> ,S 1' cjL i^ 3 o 11 4J»3^LII Molecules dal —jJ3->dl _sL , *-» 

3 j $ <~i cj lj..i,^>L3JI3 ^JLc. jJjLlj JlSj 5 jjLlII 

3JLoj^U aU 4^13^ ^ ^ Albert Einstein jjtuiiJ <z*j. Jl 

djLxyv jl_ iti 3 >I 4 tqj£ ^lx 4jLs _ a La JlLo ^Ijj_ 

jX 4 all (j -A JLddj jLfcjl <_>l- t j^a \ t ~ ; J -V. t <i U .1 ^^9 3^ Mill 

^x^J I ^y.lx, 1 —lu 3 £~V I I juj> . j^. 1 3J I jHa^j U 1 ^ wi.» 3 .j V 4 _jl jt_^33 

^3_J I Lfl Jm i t ) 4-JL^JI 1 jll 1 >-^a 431 j Jjw ^Ja I3 Ci a Jju 1 43 J a Al 

>_aydJl ^ 4 _j till.1^3 t 3 jil >q 11 4 _j3SLII cj13jJ^>J 1 _il_»_i I ^lx i_ a^-tTJ I ^_j 3 lo_>. 

iljl n Ini ~>d I 3 L3 mS i 113 Cj Liu I ft I'3 4_1J LdJ I3 4 _XJ 1 | L)^L>d I ^ lc. 

^ya J9 I CjL> 3 ~ til >3 ^_?e_>Jl ^Ja L^jjJlJ J-4 LaLoJ Ll£j_}ij t 4.3ii)J-l' 

9 

yau 3 jEj 4 _u 3 ^i 4 J CjJc_u 1 ^_L_II lSj 1 41 13 - j ~ ^3 < 1 \ 100 

Lujj L-\ 1.13JI (j33_3JI ^a 3 L^,i 111 ^jl JlLl1L> 3^3^.3-Ll (j_ajLi£LJl 

9 

3^3^311 Stained Glass Window ^3111 jlaUl jl^ ^3^ 

jl lr >4 L) y>J I L_u-AjJl j _4 _j3_j 13 di 1 .1 j i ^ 4x3 ^jj>-1 _Cu J_113 1 L^j 

4 1J i3 4 ^3-Ia ^jLa h 333,«^a 3_A 1 3 .^-uxjLIU 4 3 l 3 .>-,a 

31 C-4.3 iii 3 J l 3 3_a 1 Is 1 13 a3 \j^ Li^o Lj3J ^ lr>.«. > 4 « ^ jJ 1 

c> 


■ >n~ij ^jjl ,3 jU 1 j_La l^J Light Scattering ^ 3^11 _^311 

LU 33_ALtdl L^jl 3 JT Ld .4-tLr LaI^j ^jdl ujH 3-iULl c_< »_u^ 


3 j^dx>.S/l3 (jr i 13JVjVl ddyj 1 3 3 i^>^\ j^yA 

. l^jl-LLO> jl L a I 3 Lt 

ljuk {_y£L 4jL>-^/ 1 J_Jy3Jl 3 I JUjLpdl 1_^ _oS/l I 3 J 3 

1 ^lx .3 1 1 Jj (J 3 - 3 j 1—«_d I $. Ultl 1 4 j ^1j 3 La (j I (^2 tj, 4 S 0 J1 3 <<il 1 


JoLdjl 4 L^.^-4 3 I 4_Ixt-4 Sj^LIaJ JLuaj Jij^e^a (jl^ t4j<tlf H ^_ ^jLxIJlj] 
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4_<_ulj Ju cLa^ja ijr £L&-i V LijLs ^^_JI La I . i 4 $ I 4 ju^l jl ^/Gj-ALla 

jlstjlj 4 L$J 4 3InV.l I ^yp\ j ~>J I ^ lr 3 jLJJ 4-)^5Ll 1 CjI M.l>J I ^ %JU3 ^UJ Lj 

LlLujjI J_3J t ' Li 3 A ^Lrs LujVI I Jl$J 4-lc.I • 11 CjI^j^_uJIj uu !j>_j_ 1 <i ah .31 


^ji 1 j ^-Gjl ^ \c SjjGJI L7 -A>3 i4w4^3j 3 Jujus. 4_1 _>~j>_4 ^ II JjlJlILi 

I Ju* J£j ♦ 4j a j 1 Lm 11 uuVLseJLI lT j3 1 4ui J_duua 4 u^jIu 3j_gus- 1j 

4i^!Vm ^^43 luj)nun jJI JjljVl Lul <tlr ^1 4.1iJ->4 n^\ ^ja 


. l" \[ a 1 tl^lJI Lr^J 


ujljjJ 4^^-jr a 

d i 1 «J I j * Us ■ .■ 3 jLc 
l j r i JV' jlsUJI 1—)^ 5 l i 11 


3^_iVI 3 jLs JjIj3 


3jLs Juljj 



Ijij jJ 4 -j j ^ a flj 

' 1 -^ . 1 4_i_ulM - *■ Uv 1 .. 

u 


d rt < TI uj ^S> im I l^j j j > 11 <Lu g >TiSJ V 1 3^—i VI (j'Lij 11 ^ |4 u<j : (5 — 1) i»it I 

•> —^ ^ .4 ■* 1J «_)Ij_lJI JL£. i7it l^HJra mlI^J J4JO ^ 1 J l_J STM mil I 

Lpj 1 1 mi fljj (<*Sujs_JIj 4JlLokX1 jI^I I JjIjj • ■ ^ ^^4 J_U j£ * 1 1 3^jVI 

/ ^ I ^USu A 3 jlcl oaj L^L a 3I ^j-uI^ Jk JJ \j l-j ^I lal I ^j-u^JlU LaA ^ 
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» » » 


A 4 4 A 






o.i.i.^ iy_d, I i j ■ n < t! o1j.u LiIB M j b^:(6 l)JSL^Jt 

(14) 

. ' J^i~i!t Jja 4jJA5 

4-j^_ll ul mi >J I jLajI^ ^3ej>» ^ j > ■u^n'i Op® ‘ 4-f-^j Ljj-ilil O' Ov 0^! 

Q^ i ii t \I ^J_i i i iiJ <4 Ij.i.ii j 1 4j I j Jl>- i j 7 3 AjLc ai La-LA ,_yu_J 3 JiLo 4 j i \ T 

jt ~ 

^ jJ i -_^-£11 ^LJI i a ^>o LlI^ a. 1 3_iLoJJ 4 a 1" ~r II \ j —aOl 

1 j-1 ^lj ,^lc. Qg l£ l! L$Ji i 11*». y% is-> Ju_j l.tJi > ^ jJ 1^ i 4 _j^j l_LlI _il^i,I lLLL 

<Lu_u_lLd LliJ, IJ 4 i- \y 11 j 4_ij 111 1 ^i^-)l^_>.j L^jI a O 1 _* ■■ (J-4-tJj 

. 3 J?". 1 *■**• 4 j -o~ a .Mi I 1 £x c -kj 
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yJjVl ajuill >3 jU! 
iLuLyj'.rt SjL^ii 


i ~~r i I I jla I p£.^J I 

.-=, J , 

pl^ll i kHJLI ^jLU! ( *_>a c-.i-i-uLiuJ 
CjLjwjJj i*\~j 11 LuJ S-j^p-Vl cIjI -r j i*^TI 

4 jlS 1 11 1^ 3 ^ u t, I 1 l/iii U~t j 5 4 j /!**< 1 1 

« L$I 4 nj4jJI ^]j i^LalJI (J ^ ■>■ jJI J 

^jLflll pJL^I t J*L*X\ £ya Jl 3 4—)Ls 

LaLc. LudI^jlj _<-uI i__)Ll£JI I JuA 4 jI Jlj ^—3 

jLJklj <«VI ^yic. 4 jlj^ _t-u 4rwI j^qj 

(jjLUl p l*- 1 ^jlr ^ >i < o G t _yjJI 4 j a!« II 
La IjJ ILJ . 4~ j i^~i 1 If. C < a j 
pj^j^LII ^jl—lU ^jl-U£_I pj— *\ ^jt ^jlc. 

l-i—i-J ^jl l —cjj (^J—II 

Sj-tLl^a jbtjVI c_> 1 ~i*VTI I Jufc ^_ya JjVl 
Ll>.^]j-£U 4 j I a 1 11 lIjI rt.j.1 Lallll > lajTf. a iJ? 3 
c-u£ jjj £$j\ —HI 1 ^yy^c. 3j j— %a .^jLiil 


-LMU 3J 4_J1 


Ua 


JL3 


elllj^ kjj Il o j A ^jV» 

Jl^ d 1. ^ I j~. 11 i~i l •> - !_••»• JI 
i CjI d_i i laj \2* rt~4J 1 

J*—^ J* ' L hU^- J—^r! 
^_^5Ld_) djU.1 

^Jpd^. Jjl (J-^S 4 (i 1 

<^TLt>.LiJI^ *1 _a-L»J l ) 

^JL«Jt jJ_iwu L4J3U <■ ‘1 1 j j 

« LLj^J \ ^jLU 
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5jU.I 4 _i aLI JaLIj flc. _ljjLi ^iUl {jjt » cju^J! I JUfc ^-La- lm] (jl 

JuJlaJI ^IujI (jy-Ij Jl >J1 Lb CjjjI tVi <_Jiu£j i^ujllll I_ &&$4 A4j 

Traditional 4 jjLd 2 Ui Engineering Materials 4 _»_i^jI^JI 

jj-al jujl>] l^jlji 4 iifr li, jjb^juJlj Advanced 4 . 4 , iSill jJ L^_Lq 

. SjULI ciiU-i-uj 

3^- jl i^JLLaV! Lr^- CrL»^ Jl£jI <j^ 

C^jLlll L 7 J£jl—jij (jl ^ (jAjLL Jj ijjj—libJl 34 

JlLq i jl<4_C.Luuaj J-LLI L _ T $ 4.5 i_u-LaJI ^ t _ r it_ijll! I L ya\jju—i luI 

(jl ijr fl ) JuS (j^£l (jl (_y-i4 ) 1 • ^ <^>r (3^-J 3J juuauJl 

5jjJuLj.il CjLqI jjQbd j ^j-tl 4 In i >i 1 4 4 j 31 ->. lILjJL j (ji-J j_*bl 

11 ^uLJl Iujv-^ 3i^3 d_b j L jcu k I j CjLaL>- JL±j i _ =r IiJ 1 t jl^ll (j-4 

^JLc. L_b£^ i j r A 5j u-4~iU 4_1— < l il 1 1 *1 1 oJuk c (jL» (j-4 ^Jt —Ll 

4j v-il JlC. I La J£j • (J $y>" Lj J I ‘ CjLajfrl* 11 lLUj jj l^b 43 julI 1 

^.^JjlII oLya ^>11 ^ Ij 0 JJt LilLvj Jjln \ VI 3jL5Jl 1—gJI 

4.0.4-4 (jl (J-4^ — 4-*J^_u LII1 -%.J U3^ lJS^hu Jj i45x»A 11 4U< oLuiiVl 

— Oj i~LC I ^ jj 1 uU Ll< 11 i> O^' ' Jufc (J^ju^S (J^L>- (j^o — 5 J-ubaj 

lLi 1 j j ^ylc. 4_**_j L5JI 4~ j -w. j .C III | ^.lr ^Ibba — ^ii t~i 11 Lr— 1 ui 

. t^Luj^j 5 jLU 

4-bLjj..iill (j^— iI^aII 4uJbLa jyiL Lbfc Jl_caj (jl III 

y 

Jlc. I^j ^lb.) jl^ll ^dl3 4 £jj>. ^_uu Jib S L^jjJj (, f \ \ i n*ij 4 j^j till J!j-l! L^J 

Lgjf ^I *(jj^uj ^j( 3 '~' 11 ^Uil l^c^, i xmj (^lll 5jldJ 4in^L^LlI 4^^>d! 

dJuM-J ^La l g * u-i-u I ( ><r lll 4 ujJl>J 1 4-iuLjj j 511 ^jjfcLUJ Lilia jj Ju 

I j j j SLajj j. i^hC.. 4uMi_» (jj^—liud I (j^. 511 ^ju» (_J^Vl 4J i_uJ! ^.L^bl J j 1 4 

(^Jl CjjI (_yllI 4.tu„Jb»JI cl_jjjlll (jiul^il it.ibV~i 4_j^_illl 1 jlj-U cl Jm 

cut 1 1 U^\ 4^i A La J^jv. u LxA (jlj ^JLa cL^u-dil 5^^J J^Llaj! 

(jj ^nu.i.Lill (j^o S 4j < vj . n>l£Lll (j£, 5 j^J 1 ojuk (_^J| li_oT (_ ;T liJI 4 j^_aju>JI 

Jij I (^jJI i c-j 11*^ 11 Ijufc 3t \jJZ Lu^,j, ina.4 cZj Vj I t n~< 11 djufc ^ystjIuLS 

3>- (j-^o 4_j I cj i3^1 4_b La 3^15^ 5 j_3 i^-» 4— ul I (jI 
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: ;*Ut 

Ciili ^jJI I i j r u _4 W ^ic. cJi_5j 3 1 ^jL^JI 

{ jj 4 *U1*JI 4^Jj L-jJfcli Lo 4_) Ju 31 j ^_juaI 3 1 3 *jjLl!I 1 jt 3 i*C~ d A -,.14 


3j11i 

X I V t LljLx>» (_y 3 l J< UJ^JJ 1 4^4 'jj-i J lj-l l 

3-4 dJ j (_y 3 3^ 1 rt M 4 t 11 l CjLLa_>*J 3-* 4 In ->J _}! 3—11 

C<J.lIn 3J l^lr^V a 33^! V ^JjlIj .3J>*T ^ 1 . V Viml 3-^3 l 

^Luj 3I i.njVI 43 l_dj 4I3JI I3JJIJ 3jdl 4 _i^.Ll^ j!>11 3I 

\- 4 *a , V 2u ! L3^3 (JjjJ I ^ jj d"ij t n j f j*-m ^j 3 1 LjUj-C. 3^0 I jJ . 4 jj 
.4 A j~i •*■ 1 i 4 -jjk3J3 \ 1 3 4 _lT 1111 CjI 3 jjl lauJl j JI3J.I ^I jJtIL_*iI3 ^Lul ^3 

3-d 3-<aj_ZuJI ^1^3 .L-JjuaJ! liijLi id 4 jjJjkJI JI3U 3^->.^M Ly lt3 
4 t3_Hl I LylXi^J I llj 1 7r*i 14 3-4 l ^ * Ju>. I3J I J3.13 Ji ■ 4uU 1 4^4LilI 

J3JJI3 4 ^a, l 2 ~i 11 J3JJI ^_y 3 63 jLS t 3^ i L3 1 1 ti CjLq'3-^-3 10 3-4 Jiil 

.L^ Ul^jLS 750 3_4 3^1 t * 1 lfli i nj 4j3jJI 

^_y 3 3J3 i£Li 11 ^JLdjJlj 4 ^jl 4 j 4 t~ 11 »-I_j 3 1 l_4 <-us>* lj 

CjI 1 43 CjLw^Jt-c 3-c Ja-dJ-JI I Jl^J 1 \r\ JJ3J V 4J3J ^ I 


^LuJ ^^^3 J3JJI ^Jl^j ^JUij ^Uil j_y 3 (Jj * JI3—II 

. Cj belli I d—ill) c * 11 ^~i_uill 4 _a 3 j L^jI j 4J3 jJ I (J -twI J CjI CJ_ 1 j 

CjLq3.^•%> 3 jL ^_4 ^Jua _It ^3_ij jJj ^^Ljj V ^_iDL Ii A3 

(.Inj^JI CjI_ljj 1 j m J^juij3 a 4 j~it&j d^l *^3 (Jj-A-JI 

^3-4 4J3 jJ I ^SLq^J O—j-=tj 4 _ui 1 LuaJI Cj Lc. 1 a ! I3 ^_ 


4111 


jl£^jl 3J3 L^Lu^ 4 jjL£J 1 jVIj 4 _ul I Jl_iVI CjUl^LdVl <-^33 

J3-4J3 3 ^ 4 J J. 4 .t 3 3 j 3 LaH 4 4 _i—m,l)A Cj L_i 1 4 tj 4 jjJl>. CjL_>> 3J3 iSj 

. d if-1 t-i 9 i L ^J 

433 JL 4 ^Jj jLu^J 4_U I d_ukj ^jJI ^^ytl JjVI 3 j*C 4 * 1 11 jl3 Jl3j 

jJjjlajj Iij is-> 3 j 1 _ c.\j 3 ^ 1 4II 4 _±L>-IjJI 4 -luJI ^It 4 i4 j^JJ ^ ^ t"j 

3! L^jJj ^3 ^-1 3—u^Llt ^3-4 CjI 3 j 43 LudJ 3 C. l_A3»j-«oLit 4 J3-A 


35 


























. 4 j . u L»_u VI 3 J Li. I jJSLi-A I _} 41 is~t Ljjo j^£j j^^o. 1 -5 l^-'S Cj I j j * LuslSJ 
4jJ^j (jjjJI ^^i.1 jjjJi ^ Jua 4 t^'a-lll uLLIj IlLq jL-^V1 ciljjl Jl3j 3 I jJ 

jls! Lfl ,^lj-^- ^Iguu^ 3 jl_II CjIax-cs (j\ _<-u_>o Ji-JuJ! \ JlA 

^ ^ jl jll ^1$ ^-J^,—4,*i,ll JJ) l->~4 .11 _}La JLiJ^ . 3j^H t Sj^jL>. 4_ J n J 1ln~ 

Cxji _i-ujl ijl^JLI j_a 3 juj^>. o^Ll j> 1_^ ^_II Materials Science 

^^Jx. jLwoVl jj^ln 4 jI J_J VI 4 tS self I IlLq L^j 1 3 _l t Inj 4_*_3j CJblaJj 

jjcj 4jj_iJI (_yjJI 3jJoLSJI 4jj_L<u O—•> >i^*>l_£ 

4jo. 1 3.4 Lai —lm L^jJJ U^- tut 1 X.11 4-^LuuaJ! L^jIj^j jj3 ->o 

.cjtSJI Ijla 


jj^_ JujlII (JVL>- LIjjL$3 (J7 s VI ^_kill <h\ j^iJI cdll] jl£ .x 3Jj 

Lo-jJJ *X~i 11» jdx! \ZHjz j*_jjjj J j->r til ^>*n 3j_p-VI 4J fc-xi 

j^-Lj jjjj-Jj . <(CjV 1 i*-n Vl^ CjI a^L*ll <^~i)) «4 j^j_>J I 

3j^j)) l^gj. I « <11 j-Jjll]l 3j^j (<\ ki~ V 31 jil (jl—4 -ujVI j-k I 

4_l£ ^jTt J « 1 (j£ J-1 I j^-3J I I JL^J 4 44 I Ojlc. 1 | (( J-i UJ I l- 

J» 

iZjL>. 1 *ar III lLLIjj dllj^ill aJub ^]£” jVj . «jjLi]I l_ ,x>-jj-3_J)) t.< 3k 

3_lUtI ilu jl Ljjj-c. j^j p oljll CjI ngjia3 j£. Ci-3~31 Jl^ 4Lus»l^!llI 

* Lg-LaJ I jJ ac. jJji _itij j I (Jj- 3 4_3—4_u^ljai I j 4 O j^a I I 

. LujJ 4 -ujkI>I ^JUI ^JL*il tiLljj t jCL>.laJlj 

k>- i 4jj _uuJl 3jLua^JI ^Lu nuS^JI J^aJLI 3jUI J—juj 

j£j2i jl 1x1a 4_oJ^fclJlj 4__i~i -> JI cl i»l»ll j-4lj-i! V, <k>VI 4 j>-1.. 4 „<i 11 Jl>u 

4j^jLiii jiji .1 y~u«i ji ^ji ^-aJi^ vi _<_ut jL <.»jVi 

♦ jj^iuaJlj (^jL>Jl jjJfljl 3jLua^ j-u^d 
3j\ ~>411 5 jUI 4_l^ AI ^Jua ui ,Jyj—Lit La -4 Lit jloJ 

l^j-olji^ 4_5^-*-4J L^Lu->j j-4 Jlj V IjLA j^aj • I ts\$ 1 J ^aVI ^Jl2j 

3j . U~H ^ 3 l^jL>^_ 2 e_A j—a j^cTu » jl — 4 - 41 J ^ . ?rw 4—jl_i i^3"i 11 

j£. cZojIjj J,.i.-*r, A j .j 4 - 44-33 J-toj 1 i 34 * j^a VI 4.3-t3 -v ^ 3j . 4 3 \*i V II 

j_a 4_L^-L- 4Lnl mi 1 oj j 11 CjLc_i j^a 4 aIc. 1 Laj 3jLU 4jjfcLa 

4-Lv.^> 3 cLok. t 3 13I i/>. *4-ialt 1 Ij 4j^£LaJIjj 4o3_■ a 13.11 I^JLI 


36 




L-.1t ; jUUJ Ult : ;*at 

SjLoll lJij^ju j-us j I 4 ] 4oJLUIj 4uijI—^ uJI jLaj t j— c. 

Li>u I 1 j a b-%■ I j i Lg£jJ—«_uJ 3 J, i-x -a j <ojIj <Zs\j.ii ad" j* j t m^uj 

<■ L Uj 4_iJj^a JuLau j>-a 3jLU 4 jlf La l_3jj»*j ^ 4 

. l- ^-i-^s l J SjUI Jul a i u JljJL>iJ ^.3 LftjjJj t " il ^ j i ..^-11 


3jUI > rttrfTfr) jjjjj uLSLutfjiS 

CjLjj-Ioj 4_I Cuk>jJU JlII £o}UI — a£LgH]l JuLiJI cilij {jA ^ If. 

jujlj (jl^ t(jl£LLIj (jLajJL 4u]sjL£.j ^-iLU ^a_JL*J! u a-ijjCu 4juoL>JI 

^juu*J < <i hi-kV| l1!j orV» 1 hfi (jl- 1 -ujVI (jl Ju-a ^olaJI 

^Ju t k d~i **-) Jlj La I Juft l La j_> ^Ij t £_i-uL!*Jl »l ju^a Jl I Juft <jr^ ^ 

9 

* 4j<Ci i u jlSJ I c- Lj_j-flJ I ^4 -Ll jn mjja (jl_(_uJ V I LLllj (j^Sfc 


LM\ » 


4ul£waj ljLilc.1 Ij 3^_il< I j ^L^ujaJI ^JIaJI Jlju 

|^>» VI 4^^>. L-^aljj ^jLaJI t_)j^ m hi I Jl 34 iJjjLIoVI 

j^yj^jftUa LU j 1 n4 j i L^jIjjJ j 1 (j\j \^9 ^juajj j 4ujl 4 

t ISLjlSLdl ^J-aliuilj J-uaLajJI — uijja j-Aj jJU 

. 4ujjL>JI (J^jLs LldjX, 4 L 

^jLU (j^SJ I (jl-9 1$ mm] f- Lj-uaj I Cj \ J*\ J Li^JJ 

^Ij J—.^jLa^Jlj ^jLillj 5jl—LI :cLjMj ^->1—ai^ (^lc ^j a\ 

9 

jja-o <LljA JJT ic. Juv^j 4^_ luj 1 4ulx^> *j j ^1 <ji^-I L^J 1 SjL_ll 

^jyUft 3j jj I ^jS — ^ | — 1 1 rnf I L 4 ^ . 4 a l“i V JL I ^L3e_>.VI j ^j-a 

. 3 jLo I 4uJj ^a—«i*3 m (jl (jSLa j jJI ^jLLI (j^JI I Juft (_y^ J—i-i^l 
^ t i^ll (jy Jb 4-ufclHil CjLui— i_uJ>Jl jj-a 3j jJl Cjlu^Tur a i_)LijL ^ liu I Jfc Aj 

4juuo^ ^ jJ I c_ajju^J I I Juft jj-a O iuVI ^ Cj Ijj^uu 1 11^ JuL>I (JlLa 

. j- t tt f (j-ujLcuil (jj-UI 'jI Lh^ju 

4_ujJ 4 1 1 i/t 3jLLI 4_t-cDL>JI 4jj^_lij (_y lc. (jJ^JJ Jl^J 

^Jjfc^aj jjj—Ldj-Lit > Ju.^Lt I ^ V I UJ J^yjjl 4ja inlrtll ^jLJLl (j^— j] 4-3cuLv. 

| cd^Ulj 3^Lgpl jiaJl (j .a jJuSL — i_uVl 

< U 4 i*>> t 4ujLjj-uaJI (jj£JL) 4 3i*~<LI 4 <y iALaua j «j L, , ..j |), ^_^—JiJI 
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360 jJi L^>qjlb <^yi ^jJI ~~ (^jLJLI liIIj rxK t~u 

14-cj^XoJI frLjJj-uUi ^-ufcLiaaj jLyo a[ nil jjyJa 4 jj!^JI ^-»->- — J^LjJkl Jj3 

dJ LdLml I SjLjJU J? L^J 


-Li n U 4 tu. I i^J I ^LiJjlj 


(_y *T ■ Xa*4 IJJ . \jjjj I (jjS 4 t<-t£ <t I y is\C j (jyb - <-uI jj i ^ t! I 

jl (jjj (j-a L^a-sLlsj 13 ~i 1"^ d»Lijj i ^j| \ ^*ijlj Ij 5 jUI *Ll3 ^julj 

QjjSUi 4 _JjLj jt-i-ulj I Jut) (^Jl jJbj iJr ^i3 

.djljJulj 4 jI_ 23 4Jlrr11i»ij 

4_l-ojJlI,I SjlojCI «4jjLU» ^p^_u 4 li I ii 1’4 d>, i^n » t( J)ln 1 ll IJLA jLLs} 

4!LjIj La,-a &JLC. <jy i£. L^.j-L-a <"i> i njj cLjj_uill 4 jjJj>JI 4j£j__i_u^L£JI 
4jIjl» Jlpo 4 j^L>.jj ^JjlJ! Jak! 4 -ojLU 7i fir i 

^j-4 djLU 4 lLsj^JI ^ JlC. j_4> L^j ^jl£j . muII 

TjujJLI ^S\ IjLoa—i-ul dUjj i4a y\ 4 

djjl_>. ,jlj . j — 3_lu Vj ^ i<fi V l^,Lj i3jl_U 4 _ jJj Lj ^JJLI 

JoLijJ I jj I ^i.LaL7t.i.M.i,4 14 i nl<il I j 4 -usAaJ 1 4_<_uj JlL I cilij J Lys 

:4JUt o^iJ! 

fi 

d»lj — 5j7UI— cjLoj_ i-ujh. 4iiuli SjLU ^-ul ini (j! ^Lija # 

. 4_a Us j 4 iii^ 

^Aa t f.y iiaJ 1 ^i3 3 jLc 43 Lis "i <q i > ® 

. djLII Sj jLuaJl 4 11 iiolo i I 

sJljjlj Uj] < ~ i j ^ ( _ y 3 4 j a ji U11 j-& i^isJ I 4 i*i4Lll JLss-A V • 

C^juajl ^^-i_j I 4 jlf dxjw LJ I Ju J\_st>a ^y£- JulJI 

4_j^1 ^> <q~i i..»VLj 4 V> o jL^Jpo Laj 1 it Cl Lj i fi—I jj tL^oLof 

j i 1 ^ 5 Q] 4 j ^\c diljl ^I t^y _Jj 

Lh_* 3 d i ^LJ \ d.i4 t j 17i Jju4J ! JlA * La^ j < *iGG 

. s JljUsVj 4_Lo JuiLc. V 

L^jj—«_ulj djLpij Chu^~v- ^jL-JLI 4G *J~4 i^yjt i>jufc dul£ 

dUj (jr^J *c)i9^ J—Jjuu JaGs V 4 j J—s^lj 

dJJJtaasj djL^Uo dJ I II ^JoVlj ^jLJLl lLLIj j"‘ J_S3 14_1^ 
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MLill i jUmJI Ulf ri^UI 

4iJjl_>JI WaJI j-Uu JlAJ 4«us 3L». t4j aIm. II LZj VI Trjl <■ n ]ul ■> a 

t Kelvin <>iKj Faraday ^IjLJa Jlo il jJaVl *ULl)1 cjIj—L$j ^ L_a 
oVLse-4 4_ j£.IjljVI Mil i Herschel J 

(j^na'x-A i 4jL^lIdj^j (j j^jj (jin jaj ^j^C. £jja vdla! \j f. \ —jj^aJ I j *1—I 

d iKjiSj ,A 4fbj_>. ^.j,_ i.a,tL\ \ 4_1jL& oljUoj tiUj 


JLali! m _.<j *4_ _aij_3ti,l jJJ cU lj j ^_> SLoUJI 4 jjIj ll Cj V—c.LajJl 

i-a 1—a ^ *L-Jjd < T lj 3j!j__>Jl 

<J^L>- 4 «1 1 l_Lt» l i_u^Vl L^j Ci^" aI 44—Cjlfll uuj^I 


( 3 . 2 ) . 


I all 4-rfljl ajJI 4j3LjJI 


a ,,iVClt jrttl (tu>u 

4j 4-laj (j Lj (j-\_aj^ 4-aj L;t _Ll jjfcj 1727 ^ L C. 

ciJJ j L^j Li i lj 4 jj (j- q" ' »VI L^J c, 3_1 Lt Li 4 iS> 1_>J I 

jil_i_uj . ^1_3 1 ^~il~Kj 1 cLixjj LajjIV > ^ _«T 3_iLU <jI—i 

jLajJLi 3jLLI 2 aW • ^ 13j jJL) 4_uaL>JI ^j^jj *LqJaJI £l—Hal 

fX-j 4 n *u> ^ jJI lc jLoyJI cry* 3-iJr± L° J' j L~> L)1£J3 j 

Lr^'^al I ilLL (j 1 J CuX- j_—i_oLill Jj^-aJ! (jr 3 oLuuaL^JIj «■ Ljj. ja 11 »l *\x. 

1 ^yjJ I 4 jj L)jal I j 4_j « ji In! I jXb i^lnl I i Jj$ {j a j^“> 

i>UI UaJl 

^u-L< ii Lj 4 j 2 *! a“t 11 ^>J ^uiaJ I I o^jpi lL)^ Jjk jj Lij U ^ 

Lo * 4_t5Li_I Cj 1 i Lnj^B !j 4jjJl>JI 11—jJ ^ja 1 1 

4j| ^ 1856 ^U: ^ Thomson j - l # _iJ! ^JL*J1 

s 

i-*^- 4 jjLj ) V 4 1 1. 4di> mm La ^ i ii* v Ju La t^l 

30^ Juij3 i u.a jJo > tn^-V , JLaB t ^I *LSI j-uuu l^jl 

I lLU j Ju-aj . 4 -C-^_i_o 3 J Lj j a Lj ij ^Jfc - L a. L I ^ t (I >1 1 

j j j *~ >L p | 4 hX ^ LaJ 4 j -a -t 4 i^n L>J I 4 _j_juoj_S ii/i I 

L-C& 1^14i 1*11 J>j_3E^a (" 1 ir J i1 — 4 —Ij^JI «. l_3_i ^j^jj T Jk—ia — 
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js*- 4 <ji 4 j ^ i • n 4 jjL>o (jj I.. ajJo J <w > »<' J3j 

lL^jv ^Lr. d ia>. tjJoijJI jLjjlII 3jaj^ 3L>-LLc j, u>^' 

*5jUI 4_jJI ^ i a aJu <jl f" _; J-i-l-cD ! ljr J^ 3j jJ I (jL) JljI i_ujl jLjauucVl 

c-jjLaejJL) C-*jjIj JuLJI ^j4aM d)l j oJaljJI 4_jjL?t^j (jj -ituajla JJu JuiS 

d)Lga «n~w ^j-a i—aJLai 3j jJI I (j-ubljaJlj 4_ljVl ^c-iJuiujj 4 j 1 a * 11 

Protons oljjjjjaJI *Electrons cjLjjja^JVI ^Jiba Qjj jjLiaJI 4aAlaaa 

. Neutrons cjLsj^j^UIj 

^ ^ Rutherford j_aj 03 *** A jk jluoMj jl>. I j<w j^j 

^j>jjl £jj*_ill (jr^l cr^ 1 cr—^1 

4jjj£j^a 3 |jj ^j_a ^jj *\~n SjjJl ^jpa I ^jl_3JI ^d_*J 1_<^^_3 . il+j JL->JI 

j_>a 4ijLilL i^J! jj - 4ial!&JI 5 juj _ji i^^J\ a j-l£ Central Nucleus 

< tjr &3 4arKjJJ 4Jbt-JuJ! CjL*a _ l-uj>- ^j*i ■>* i tdjjJl CjLjj^o 4_jJLj 

CjLbeaaJI 4^0 -jJLC. dl <w t **-w L^jIj^I 4^LiIdVIj I Jufe iCjLjjjjjaJ! 

cjU(m,-w L^Ljkj Orbits CjIjIjlo dJuu Sljail JoL>uj , dLjjjjjajJl ^afcj 

lZj! is*-£j < J^qj > u ^j-^3 Clii-JIVI (j I jj^l 4 SjjjLo 

^j-a jwjlaj _ oojj . (« I» 1 — 2 ) Mil I ^aaDj-a j-_ ± * 4_jJ 1 _<_u 

4a i ii<%<"«II 4ai j^stfl ^Hh_> L^jLIj djjdl 4_la^^La 

dljjJ! ^ <4i) da_u^j ^«l_ i)) 1—2 JSL—JoJI) 

4_i^L_u 4 ojLj^^ l_j Jljv jj^Jo {jC. 4_alj^ 1 *r*- % 

^ djlj ojla e_j c ^k, J^ju Electrostatic Attraction Force 

31 jail lill^ jj Ju 

J-jlaJ ^ya ^JjLa ^^ 4aJju>JI ^Lj-jta 1 \ ^_J ^—Jj LiJJ^ Jlaj ^ f)J>jj 

^ailj 3j..X-,— 11a 4aasL>dl lIj Ljj-I^.U I j 4_j.a L>J I ultl_ ^cjiVI Cj 

Jj 4_d jljAb L^j CjjjiaJ dll l^ij*>- a IjLs&j ciiJli Jau 




lIj Ujj^LII Lj IJ I SjoJI jl-La ^ Cjljjja^Liyi _iJ^-J 

^ l^jlfc 31—oil' 4_Jjj_caLIj Valence Electrons J_ 3 ISIUI 

i-il j 1 < u JJUeajj * 3_il_aJJ 4jjla4J^>il l ^ < ^*> I j^>- yxx.%,1 11 j 3j jJI ^Jaaxa 


•(2) i JL>sl4JI ^tul (*) 
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ill Ulf :i*Hf 

«L&_d 3 jj—a <Lij 1 j a 11 ^ i tl ^5 4 jjp *0 Jl i£- j >.s\ \% 11 

^ 4^1_,_JI 43L^p£JV ^Kll jjuJI jj^b 4 j _Jlj Valence 

j)l Jj-Sj j)L£^ —Jl ^jljua 

jJt Lo£ ij j-wVl <Jjljuo Ju»-I j ijUjj 

.«(«!» 2-2) iblL) £la&j}A 






(^) 

b^>-j _4 4 _j^S ^_4 313 b j» bbi^ll .[ii» J"v i»tl) lg~«_<b^_a 3jj-Ji ^j-SL^o : (1 - 2) (JSL-tiJI 

^LLaj tiuJL^Jl ibLiu* rJl bjlj b)LjjjbSLJVl L_^-lA jjJLJ ibljlJU# DJl-XJ 4 ioL^wd 4t>< iiitl 

be 3 ^u>^o J 13 j_j iiu> ^j.>o ,'iil 1 4 _La fctfjZb (^jJl ('i<-j» J*v 4^31) 3u—u«AjJ I b_e 

I 

j4-*Xl <Lr -Mi^-*lJI ^x.‘JI ,je L±>-Ls_)j U^jL>w>-I ^ bi^Lbb j.* 

3kAe cr B AJjj 3""1 >~t a~ v ^3 t J, bjj-UI 4-iIiJl ^ujjj «In JSLbJl 

<uJj3 111 ^ Jft^wb i ^£ IlI 1 a3^1SLJ 1 j 3 j-Ti&Jl 11 1 ^ijvVt jlall j 3 jiSLJI ^Lc ^31 In >3 •<—j iji jl* 

jtMJj .jj-ale ^L^SJI Jal im'iTI 4_t iuMeLiblI 4Sjl ^l_iaVI 

jtjua - 3j j_LI j 1 > V! jlall -* 3J 3 JV- 3 II bjLbjjbSJ VI v 1 «^ L_a3j j_aLSb _k_ 1 . ijb 

bjjj jl_L4 jY lUJjj 3jj ^ jjb LoS 1 3 ^LSLU I jl Jl a_<4 - ^slSbJl 

-»J t3^o^»Vlj 3 j3jI-l>» bjLjjjbSJ) j_L_e Ja UJSj . jjjJiJI jjl£ <Uj_b VI 


(6) j 


4-bl i4i^H bt^be 1 >i" 1 TI ^3 aa!j.,l 1 J3_>._U! 


• .7.1 


4Lajjl»JI 3j>j 

1 <i 11 i_lLL ibJlLaJ 1 ^ * LjJ i &) 1 * I o lr ^LibsI ^c.^-1 I ^ I c 

^LijLjJ-lS ^jA 4^*1 crj La ^JL*J I j) I_) nit II ^ 11 C<2i *-u 

j-AljiaJI • > <i!jl j)j^j^cILo IVI * Laj^d <a ^ vr i\r> I jJi 
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i L^J * 3 j ^3 ^jj jjj (j-ulj3 ^-Laj ^<J ^jJI 4jjL^aJI 

1 i>>4l 'jlu* L-Aj-j— i n^~i *L>. 1 4_xjL)jjjJl Cj^ -iJa > U t*113 j-£—Cu\ ^j-oj 

^£jL ±ja (j-u jiX H jjia !dLHlll 1 JlA i4 jjL j^-aJi "j j £-A 

3j-A UaJI) 4 _j_?j < jj^fc11 j-udJI 5 j-aL1oj 4.j i n j lr> 1 < ^ <ajj^5fc11 4-JjtlaJjl 
jLatjl (jx »1 ol t H jlas . ^L—LJj (4 ^Lj^jjj^JI 

4 ili-all ^1 < u-w^/L) 4juaL>»JI <L^LLaJI £_>jjJ 4jrtj*\ I a In i A j j..i.i.*i 33 

Pallet,!I ol IJ-3-Juj£l Oja*- ‘. ^j_t-caJJ 4 i/>.jll JljiaVl \r. 4_L>.l_ ajjJI 

s 

4 T j3 > 1 (j-4 3 jLU 4T< • » < 11 djl j^ 35y iVl L^J_i I 4_i£j_>jl 

^ i i U \juu L^jSLJj tgjilall 3 J_Jli £_a Lpjla I ■ / «l r> uu^iJjui V _ uujlU 

tjl lV 3 4 ■. <-40 La c-B^Lstj dUjj * 4—.LjjJaJI d_jL>-jXI JJjj £._a 

L^jI ^ I 14-ijj) i>ill C-3 L^j 411 <_yjwjX1 JjIzJI ^^sldj ji jjj ^LuiVI 3 jLu 

* l^jua 1 j ,< ,a$* C. LlajiLZS t % 4.1. nLuJ 

4_»j_laj CjLoJ _<_a>a ^LoJjlJI 3j la i {_y-A j_jjlLJ 4^ajVl 0 JLA d)jj_j Jl3j 

.3juiJl>. 4j^I r 3 jjj ^j^LxV ^JjVl 3jlj_iiuJI 4_ljL cj JjjSD t^jjjjj 

(—3_j-<aj (_yj3 Jj-t~^ 4 jll c. < A j La <jl L^jl Lr^P^ *>•-toll ^JJ_ tJJ -^l 

j I 4jL-i-o^_3j 4 —«_u^i£Lll ^j-ljI^3j C-<_=wLL> 1 L$j Lj Sj^iiJI djk—A 

lr ^y-otHJI ^j-a j-iX 4 J-3 i4j ...Itft 4 «Ir> 1 l^jjl 

4_3JLaEJ ^oJ ^jl <CjIji>»Ij^JIj 4ujI ^jJLJI ^ylc- 4 _j jL 1 4x.L-.ajj 

wi-oB l jJ ' 4 jj-L 111 cla I j t I lIHj ^a ^ i~X j I j4jjJ I 

Cjc. Lv. L^j Lj SjjiJI Lilij t n i>j Lt^a ^-i->u I (jy-L. ^jj£JI ^jLill ^ _»_4 

j_jL_oJI tlr'-Jj-d-l I 4 j*v j_t_u^l£L]l JpJJJ dj Lua I jDjQ I j djLjiaj i r\i I 

t n_iL jjjj J^LtdJIj 4_j^adJl J>L>. dll jj ij _ilx ^aLJIj j _dx 

Jlj I ^jl d^j 4 j lr O_)L La-^a I jj la") ju£ I 4_Lrt_jj 4_j 1 4 ju djL_jjl£La| 

l i.ii 1 1 djj-J fJLJl cJia-aj (Jxlj . djLlaljJI^Vl d 111 ^jJjjj 

Ljt 3J I ^-ixLaJLI ^jl)) ^Jl—3 43 jL>- 4 j gif Jj^>> ^j-4 (jjjaj 4 _j 4 LX 

4_l3^j Jl^ ((^jjJI ^^jjw ^LjjAJI Lj-jS-3j -ij-33 d*J I j La ^jjjjj L -Ajjla 

. jjJ ljjJ lj ^ljIL>-Vl {_ya 4_i>- ps\*} 


1 i A\ i t A 1 A 
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a^iUiXi;^jii <_jji : ;*ni 

Ljw^I j-iSG yj_) ^c,>&x4 ^A Ja i f*£h ISLulSda 

j-^l3J! oj*l\ u* ^ Max Planck «c1j>L ^^L*)) 1_Cj 

3jujdI 4dLjj_j_dJ 1 4_jjL>o ^_*3 ^^"1 ij (j I 4*W n j i»r 

4dLj^dJI 4 _j * 4 ->JI g*i-v. 1 CjI i.it.l>- { j r c 4_i ul^w 

. 1900 j-j_ 4—*_ujj 3, v<it ;U 4 _^c-j jL^V 4 —ajIuJI 

41 i 1 Ld ^-j— uiflJ ^yiJ 4 _^L>o Clj^L. ^jlc. I i 4-jjtJj l3J I 4_i »lL>J I ^J_A jM-i- 

I jl uf. I dJjj tSjL^JJ 4 j _ <+-*j^^ll CjL>»^JLI £^La — JuJ 

<—aJL33 1 3 j£L ]j CjL>.j^o Jjjtja t,~i < ji jT 3 jH! 3j jLud I Cjlc.lt iliVI 

Jjl jjylc. <Sj-k iPhotons CjL^AJI ^_i_u! l^jlf ^llo I CjI ^ j I uy. i j r a 

0^3 iSjjLuaJl cjljjj^AJl jjlc. ^_>o Ljjj-Ld 1« ' -■! <" 1 .. ..1 ;""i c4 ♦ c,VI 3jui 

SjjJI 4 J 3 LL 3 Jjl 4jatjl3j Cjj-^lil dlji£ . djjj3 ^ylc. ■ 1> aj. *3 <jj _ j^-3J 1 4 ^Ui3 

L^-J-9 Juv^j 5^1 Ull CjIj^" t II a 3jLC ^yj] 14 ^-i I Iiflj ^y^C-l i 4 1 JurTl a Cma] 
4 k nu i 11 4jj»tu Cu gf J Jl3j . CjLiJ^'X 1^/1 ^-Aj jjuaI 1 4_yfc 1 13 ,0 CjI a u uy 

{ j r a 1 j< iiLml Ll£j CuJe-Sfc-L^ dj^Lj ^_jL3j 1905 ^jjl3 ijV 

l£Ll 1 j Jj^ LJV 4-Lajl^JI 4i&}UJ I 4la11 ^>JCjI— us I^CS 1 jjl£jI 

t _yA (Jj i4jl)Lj j I 4 nll~> a <" > 1 njl CjL^^Lc. L^jI ^jjLiCu-bl C> f) I JlaB (djLtlj 

(8) ^ s . 

• J^aULLQ^ 

IjLa_cul ^>jLj_JJjI dJuu J_ysj dj^lj t_)jL>u ^jICj C< 1~< <a 

Ij^lr. Ltiiaj Quantum Mechanics ^ <11 IS^-oKj^ jMj! 

^ylc. JlC. 1 i_u Lc^a *4 j*vj <<iM-^l c.Lj^-id 1 CjLjjJoj jt—j~a-j^aj ^1 

CjLLcjJI JLt^a LaJ^jI ^ya 3JJk-*3L«^ 3 JljJl>. CjVLsc-^ «:Lj^-xoJI 

^ Lr. JlC. I ^3 ^yu .J_1-u GJ 4jj 1 j->J I Kj aLLj jJ 1 ^_Lc. (Jj-iD I J-AJ 1 4 jj lj->J 1 

((Quantum ^SLIU) 4 a K jji 3jl_1 »4 _ljj_^SDI GdaLljjJl 

1 J-^j 4j^_IaLl 1 4 _j_q _L-«j t((4j4a^» LaI la a Jj-^dVI 4 j 4 <i K 

^Lc*l>»I ^I p— < 1 1 <a 3 ji ^»L_- ..^91 L^_t t (jy 3Jl 4^Ud 1 jjl ^yjl 

^ylc. 4.» Ir\ 33 43 jJGjJj l^Jj 141 u31^3u>a^ i >i a Sjjo^aj ^JrtTuj V ^ 

j| j| 

oJlA C^j-C. I jj 14 jJ 133,49 CjLa^J jl — ((^c£")) 4 <. K ^— CjI 4—Lui 

* 

^jIl^Ij-A tjjjJLl j_«_ul3Jl J^jll Jjl l_j— i-u_^ I j .^SLIi l£-uKj 4J 4jjJri ill 
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4-3j>ui ^~i^U i^jLaU l_t—3j <u c-iLi^LIi {ja !jla 

^]\ I^Joj LiU i4_tj_(_nJjl 4-JjJtajj l^Kj a 3j^3 JjjuoLijJI 

. <GLoj)l»4a 4jajj 4dof j 4«u3j_c, 4_Iol < 

CjL>*jjl3 C_J!^j k _uL,*Jl <j^o 4J_i_u (ji_ 1 ii a VII 

t I j ^.u*>> (_yJ] 4 -xj! jLii,l 1 $jlji^£.j 4 jjjl>J! ^Lj^uAJ! 

l£jjl£Lxa 3 j^j ^ if cLojLoJi 4jSLaiU CjI— cl*.i-w 

J'llj! 4 i aa>J 1 S^ILaJI c'LJi J^Li. j 3—uail <j^o ^li5 i^SLJI 

^ ^ l—iJ 1 —£ Lj^xaJ! ^ _ ic. ^jL±>a^ ^yu—i-u 1 %7 5 j l 

L_x^lU! I^'i-T illj ^4 Ufl ,IM IJ ^LaljUU ^_J\-*jLoJ I (j-U^LJ! 4 4^1 (jl£j 

LJaj ^^3 jjVI j. L I {jj* 4.iajT<1 \ 4J—u u >.«..<>.■‘>«„tl J^Li- 


3j^j SjuljJ! objla-UI J J-*jj cl) 


iVi 


JJlC. 


.jjLJI Ll>.j_i£Lj 
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3 


JjLJl ,?■; yM, 


(jjfl Jjj mil Ji/^rttl ^_3 Ljj^j I_4^ 

L* ‘ “m'J ^ 3jjJI oP^ *‘-_)Li£LJl 

y 

JjLStZLJ L^Lut j idjLa (j^SUM 

t_!!jl ._ul t j .. , ‘jj \ a Lgu-ol^J £>_ll_11 


3l 4 


jljJll cj!j j j-4 L^j^Lc.Lij^ L^jLa^-ii 4 »j- lL>j 

y 

oL^jil cjIa u *i>- $-Li-jJ 

y y 

jjuj . Molecules cjIjj^_>JIj ^_nJ! 

—<L x u ^ u II t jlj—il oljj 

t jJLojjl_lJ| —L^ya L^oLacJ^I (J^ijljLS-o 


LIjjjJI jl_st>.l 4 —IJh^4-i 

. ^ tl 1 I t K I I 


LT ii^. >AUI ^-3jl-*jl (j 4-X^J l-4 l~i-4J 

t i C. ^Lll 1 ^ Sr -11 4_j__j_uL-uV 1 tlaj La_>Jl 

j-l j±y 43jliLLS jL_j^L Manipulation 

IujwjJj) Ls i 4j-£u__cu^JL 1 I 

djLLI v L — 1 < 4i A Jl3 j I III I 


1 ^ £ j i.' .-v^ i~i • > V>) 

J< 1^* j _jLUl 

jJ-ij ol\—11 CjIj^-L (<1 —ao-^ 

d .i tf l ■ ^-\ a j \ + . ■. Ll ^ jj a 1 a~.A l 

«3jUI 
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Cjlj j C-UJJ p l]\u 3 jl_C. I 1 0JjJ^ i _yA d KiJ 4 Lg£^i t_uj 

^ j-xs * c : , cMdlj Atomic Arrangement 3jl_II 

Grain L^jI m jL*jI ( _^_ojjLS^ ^j *i ^3 4 jl-d jJI L^Kl la 4_j_u 

julj *5jl>.I^JI 3jLU Ci’r iT jl _3ia ^jjaj. J^L^JI l~i \ 4_i^SJLI Sizes 

4 31~ V a 3jLo L^jliTj j juj 41 juk ^ j-^I^Cll ^_ui~ 11 jj < «> 

. 3j J 40 Ci LLu3 J 

3j£li 11 O l j i 3*i 11 (j^o ^J£]| ^jLlII L^Jj-i£j Ci _o Jl3 J-\.ioJI I Juk (ij;r 5j 

Atomic a 11 ^LljJi ^ °i ^SLgttuJI —a 1 (^li!l —t*Jlj 

oI^jl .dJI ^j cjIj jJI uujp t 3jLcJJ jJI Structure 

lg_ 4 I -V. ^*A 4 1^ 1 A S jJlIq u I ! U>» * Crystal Lattices 4 __jj^LJI 

i 3 Ti tt-j (jyltJl 4 i.lcxai.11 j — ±c. -iljJJ {jji 3jjJl>. ^Ijj I J jl —j^o Col jlj II 

^3~) ^Latlll lLs_jJjjj . 4jJuL 3I]I jl^ll (j_ a L^jI^j I i j r c. 1 £ un I j->» ^ 4 

L^jljj<_3 jLII 4j ii 1 LLo^jj L£Ij_>I ^j._4-> ' j ^'j ^jLlII ^iii. 

I Jufc L*_a i~i<u) q 1 ^jUJi jyu Jjn"n . l3 A I jj i<jj^.l jJI 

l_ t-ujdlj 4_il>-l jJI L^o-lIij SjLJLI lLLuj! ^j-a <-_}Lj£UI ^j_A „_ua3!I 

* L^j ^jjJI 


4-olj AjOl lLajIjjJIj 

LajIj 1 4J^ t \ a 4j^o£. jl 4 jJ^3 3jj-l-o ^^3 3_iLU OIj j J^>-Lo ljjl_» 

dJju 4j^La j—tuoLuJI CjIj j j_a , Lse3J ^jl ^_IJ ^_L>o 

j^j 4jjjJl 4-j^.L ii I ^_w) L~i . CjLjj^v c_3JCj 4jjI Cj l_ &j-a 

4_}L>.^/I Cul^J k 4jJjL>.^/l Cjlj jJI JUC 4_C.j_lJ I dJuk L, t.i.i » (JlJ_4_u 

4_u^L>JI iiiULJI ^q_l 3 (^,-A L^oJI 'j 1 4jl (jJS ^L^Ld pLalaJ! ■ VI 

4_4-<dL>JI ^ j3II d Lj 4jjIJLa *4 cj3JI (jj £j 4 -j^ul11 CjI i£^J,Lj 

J)j a>iJ ^J] LcjG 4_3tZu j _l^sLulII CjIj j (jl ^ i»j I Jukj . 4 j j^_3JI CjIjJL „Uj 

(J£.I_3j 3 ^jl ^—I] J>L> * I—jlj-33—4_u^l 

(j^Su CiL^jil 3jLa cjLjjj^ 4j^d I ^_i-oLlc. Cjljli _ a Lul joj^C 

. L^J 4^1 L!I ^paLiitjl ^Jl ^_>.^_) dJjj * Ij 1^ fl*i i.u I I 
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UUjpif £alLJl Qjrf i jdJJ 

J t 

^G_i_ul_i 3 ' Cjljj 

oljljJJ cjUji^^JI c^b Chemical Bonding <LjL^LJI JojIjjJI 

4 j. JuLlII 4_La_il^JI (JjlIj . J^)l\ ^ x*ipjl I jjjJI ^-ioLiaJJ 

JLJJ^K ^jJpL~i} L_Jl i-uJI JJ) K 11 C—4JW^JL I —Jjjjuiil Cp —J 

^J-C £j_iJ! LlUjJ 4—liLo^l y£ —lil Jo-1 (J jLCiil — je-La — — J J j i o 11 

jjjj .Ionic Bonding 4 jj^jVI 4^jIjJI ^Li I 4 ^j1j<m^!I JojIj^JI 

Ljo>jJj j ^_uLi>s lo-l~ii ao Jl*j 4_ijLj^jSLI 1 JojIj^JI I LiA j-\ <Ii i (jl 

4_ul j<w^ !l J. ioLuJl CjLj^j! £_—oj Lillj i^pl ill tij )li!l 

y %xs\ 11 4_ub 1 i*i A CjI_jj^o- 4jjA jl^-U {j-A ' Ijj_to till Jli d 

Molecular 4_Ju^_>JI cjLcLLioJI 4_j— t_uL_uVl ^LlJI jlotoi ^iJlj 

. jjLiJI Lo^Jj;<cb ^oUkJI Manufacturing 


Igiol^oj LglaL A‘i JjJoo 3jLo_L 1 4jj jjl 4 j_l_l1I ^jjU ^1 4_flLoVL 

4 i loJ 4jj^Ij (J^LiA Jo-1J djU.1 CjIj j 4 jl^ <4ajl jo j^llj 4 jjL^j^JI 

JljJoO Lu-aOJJ IjJJ i L >~ 1 - ,J 4_|_i£_ujl CjLjLLlI! lLUj 

^jLiJl t t-x La.u^j CjJlall J uiill (yA ^joJI I JlA Jjlj —II L >oljo. 

coLLlJI Liilj ^ L IQ I4 L 1 IS\ 11 jljJU CjIj j (3_ l^3 I <*< \\ [jus, p&yJLA _ [_u_ij 

LojI p>*yj i L^iOI y^-3 3jl_II uil^L-ii (_iI I JlA ^3Gj i4 jj^LJI 

, L^jl jJJ'V jL*_ll ( j_nJjLic-J SjLoU 4 n l~l •> 11 ^y2> Ij) _->J I yjypy ^jjoo 

Crystal ^JuaoLdlu jjjj-^l ^jLSJI *_ ±c.yj 

l j r * 3j.Lp3 o 4_Liej tjr* 4—ilioJI jl^il Structure 

(3 . 2 , 1 ) . _ - , , ? . t . 7 * * - !-• * I 

4_3j_ioj C i i LAff. Lo-i-ui *-i<31 (_j' ^jJjlojj 


AjjjJjJt' »*C . *.tl 

Crystalline 4 jj^LJI Single Atoms 4 _jjU-V! oljjdl 

L^j 1 Ap —Jl *_o 4 ?j)j 3 cjLs^I-c. 4 j I /oil . Materials 

.VI jljJU Cjljj L^jIjjI *_o L^aauIj SjLqU 4_jj£Lll CjIjIlII 
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4-xLnaJ 1 jl^JLl C_) Ij3 4_ j Jl_i3 LL 4.tt u ) 4 jg._i ,4 I <-l)l_S^L*J! DJuk ^_ JQjj 

^-t-ulj ufl^ju ^ \r\~i i a j*LLaj ^3 iuAjl i ^ 1 ^'it j»LuLU 4_C.j_i ^j_a 

43uLj 4_i£.!^3 £-i's> Ij^q CjIjJ—I t 4x3 < 3 lr\ ts\ \ ^jJlj t^j^JLJ! ^ 1 tViU 

j> 

, i r» jil\ ^JJj jj <jj . Lattice Points 4 _>j^LJ 1 4 £L—jJI JoU3 u « , „3 
uS j >Lfu Single Crystals SjLJtl ^ Su>L*l oIjjL 4^1 a 0 .k. ^jjdl 

Crystal 4 jj^ 1 jJ! ^jjLxa-aJI 4 atv^ia 4 _j uuJlLa <Jl£[ lit 

.l-< 4 lj x43l& l^Lij ^^xllj LijjJ A3 ± ^d\ Group 
^Skeleton <J£Lx$Jl L$jl> 4 jj^lji <sLia I 1 lJu^ju L~_cujj 

4_> i4_L>-IJ 2 L^*_sl^_a 3JjLlI d)!j j {j-A 4x.4 xii 

■^jIjjJj 4^j A JL»»^J l_a ^~ ^ j^SLxaj ^ lVi i>a _ lIij lILI jj 


Polycrystalline Zia c<* dilj^L 3 SjU. jl>*j3 L^SJ 

. 4jjt^ 1 CjIjjL 3jx. £>-a c_3JGj 

4-ua L>J I 4 jj^JljJ I 4.^ i i*Ii 11 l.4,LxiLa.cr3 i a * uj (« I » 1 — 3 j <*»! I ^i3 

UUJ^J ^ LVl i J L^xS ^x! Ij -U W„ . 11 L. < tfvJL I 4 lj l^3j 4julxll J 


Lax) 1 a l3> < i a Lxt u I a _j'LSL_ti iwiiJ jli 4xj)^. a i 4*\ i i H TI t_L Lxj ^ lc c> 1^1 


J«a_>.ytj i—3 i all Ljj_Lu La I3jj . 4^.^Li-bl ^u'v JiIjljI 

c. L ^liaj lj* is> 1 Cj 1_ jj^La 5 Jxi ^j_a i—oJGj x- 4 -iiSla.l.l ^ _1 £L!I _x^JI 

L^j j_a-»txj ^ 3llj Unit Cell 4 jjL>.VI 4 J 1 -L 11 nil 1 ^ <a J 3 - 1 jJI 

L^UJl oLlajw 4 _JJ-Uj (CJ i3^L—II ( ^-ol lZjLo- oLix-fiD 

La^j . I ola <iij 4 31 t*i 11 4_ulj^Jl CjLLtxxll I 4_x>J I 

4_xL>JI JiLljI ^xuLia ^jl_9 a-uj| ^j_a 4_plj_^iI 4qxxaxJI t- 3h **-" 

JiLa V C*4 ji 3 e.) I ^1 Sj^lj 3jsLa ^j_a t nhV" 3 J Loll 


jljll Lpl"6-^ ^aSLlI Ijuk j ^j_a ^Ll 4-ajuaJI t lllxJ ^jLxojI Lax a 

3^UI i^yo I < a lx V a ^c. «"i 11 vxL'i i_ujj 4 j<r. i ;^>ll j 4 j • j . L-> 11 



1 4 _oL>» Vl 1 jLlj I 4 -a-x 3 Juju>o J^Li- jj-a lIU 


.Lattice Parameter 4 jj>L)I ^_jJI JaUi ^lLa^a ju^l Ijla 

L-jJkSm^ Jl>*I^ ^yUi V i A JSLlu (jyic. 3j^h.jJU -jljJU (jl ^jJL) ^jJL>Jl 


U3l£L 


•^j^LaL*-a ^_x9 ^j-a I (jylc-J ‘ ^CLo 
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$4LJi cjtf sbri 


I jJa '/jj U_& . 4-ijLjJ^jiJlj <Lij 1 -L^-jUl ^_^dI^__>JIj CjLu-caJI 

t__4j^jj I 4 jj,^LJI Cji /MI VI CjL c. ja 11 ^ylc. Li-XjI 4_<.u-fl > 

iIj^.lW'i m 11 (^jlyLa 1 QjjQ I 4j_i_uJLLA Jl^LtLl 4 -m A ^lc. CjijjJI L^-lS 

«J 

• l/ljlIIj jl4u*JL Ij 

l—3-!j-C 4 < ni^J 3jy»-Lo 4ft m>4 3jyi-0 («L_J)> 1 ~ 3 ) (J£ lUiJ 1 

l_jL£JI Ijla 

jJaLiil c. _ t-utjZLA I Cxj>»j 1 ^i^ f. LuI ^3 4 ijl* I 

( _ T i£. pj ft V1 1 SjLftJJ 4—j^£U! cjIj jJI l^j HRTEM 4 —^jJI 

i—S^Juuo jjI 3 U r t 4 .*LlA ^lc j—4^3 lSj-w c_*_iJjJjJI 4_ftJo3u_ft JoL3 j 4. \i A 

( 7 ) - 

4.C. IJ_1 l£J^3 <-Loo*^L) L_aj < n4 auJI I Jl^ (^1 LjjJo.) Lft I jlj . 4_> '• Iy_ft 

CjLsLi ull ^jL u-M oJla-C. 1 j l 4j Jt i^ 4 JllA t _ T lc. L^uu-OJ 1 ^-3 

^yS 4jyi-oy3JI 4 -ajIj ml*-!! 1 ^ft^Lft yc. LyjJUj * 1 ^ iji 4_L_oLoJ I 4_ i Mill 

I JLA 3jj j ^jl J-LO- ^JlC. J< ■ 1^1 I I ^jA Jo^>»^4_> Lftf> mUj L— 

J> 

. ^£L>JLI ^jjJI ojjyJi 



4jjL>VI 4 tl>jl 


4 l~*-~>^ ojLII 
45 L*_^J L UjaS 1 j-a 


J_«Ui 


M 



I (JSL^lU Lt£ L>w 4 Lft nl>fl 1 i V\ \ ll •»« ~l Lftmj ( t j J-C _.lJ I :( 1 - 3 } nil I 

lJIjUI 4j^L4J 1 1 LDL 1 i it JI V ijjyLJ I iSLx-jJl u ^aJlj 

. i iltt I ^3 I ^ 1 1 > 4 1 \ L 4 JI 4 -lJLui I \ Cj 131 i.it !j > - uJjll I i 1 )! v I ^ * » 

JSLufc ^3 L^ftilya J 1 > .I ^yjj LJIji 

AjjIUI LjLjj~t mil l- 3^4 3-Lftr.I J^Ia 4 o tV> '■ ft -L>L4j I>jr 3 uLUjj >4^ i jJI 

uLU jjS-i-uuJ I ,J_ft LjlI I ^ JSL_lU I ^y3 ^ . 4S< * iTi TI JSLi^J 4j^SH I 4 j jyftft 11^ 4 * jjY I 

^LaVS Ijj aaj 3jyLJL11 ojU.1 ljI4 La jlj-iAj JI-lLII 4_< l>i!l 
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l£j jjl LOOJjJUl <LJLu1I ljL^ 

4 111^Ji jljll (_y9 JaL-tJl ^ul\ ^jjJI ^LtaiJI dJj (j-A ^sr*i7\ itl (^ £L 
^^In 3 jU1 Cj Ij j <4 _lj 3 h~i n (jj jJlj i(jjl «n!l tj»>JI {tJ 3 A 1 < u4>Lj ^jJlj 

<jjj!J 1 J^L^JI Long-range Order J__jjU1 ^jlII 


* 4-aL^J I jtjll j Cj !j j dJll£j t t 1 1 i~i < ^ I Mj <Jj1j—C jLjj_»- 

L$I^ j La-lS 4 i^->L>» CjI^Mc ^IjjI ^3 i i <*-j 4 j Jl±jO jxU qJJ I I -LA Jlj_>*j 
4 jlf ij) Lieu jJ I >._ i jljUU jj>- T Lw L$1 a jj<~ 1 i Cj I j jJ I jj-fl L&j-j-C. £_—a j I 

^_ Lmu .Short-range Order ^jJ. 1 j 1.^4 ^jjJI ^jknll ^ ^1 

4jj£LLI Cj Ij jJ I ^yi-j Jojjj 4 4 L~ I a 4ii^rLr. Jjjwj ^-<-uVl I Jl$j rf1_io i.'i 

q -a j !^q till hSj^ ‘—JIHI jJjU —uu . La JjI— u cjLujj>J 

jj-A 3jj £_a 4_>»j J 104.5 L^~i a j 4 4 CjLj 4jjIJ>_> (jliajuJjj jl—c. 

4^>LaJI dlj 4 aj4j . (« I» 2 — 3) JSllJI ^3 (J-Ula jjfc U£ t I jLc. 

tjj^J (jA 'x- < u^Vl £_a L/^JJ 1 Cj Ij j dslojjl l^tlr. ^j.u. i,.u Lj (J 7 jJI 4 jj|^J| 

j 

till Cj l_j_)jj>- t^C, -Ll' V I a i i J Ijufc . jj»- I ^y-ll t La t(_£j->* <j-A j. j * 1 ) Vj 4 ~ >L 

^ L_ 4_aj>- 111 I 1 ^ .../*\ cjl_jjj_>J I ^_a L^jLa^Lc jLTiI jI julj _i_u I ^ l 

^_y3 4-Li 13 I 4 J ^Lill jdj^JI JlL>o I-Id t^LtiliuVI ^j-A Ll —Jt 

^ <iuJLi]l ^J-dl _ Cdj^JLj 4 4 <*V> LlJ jt i4_xjtl^_i^t.C. 

No-order ^L~<i 11 ^j-c. JmaJI ^Lt^jJI i«L jI^aU jJI c_i-ili^iJI 

^yjjl ijJ J L>^J 4-d ljnM.hr, L y3 4_l_i—iiij jJI ^Ij-aJI SjUI Cj Ij j JIjkj <. 8 > <j^w 
^jjAjVl t^jjl^JI —h^Vl JLo CjljLiJI Cj Ij j . (- < j~ij3 

. ^LLiiH Iju^J La>j-j-C.j ^j-vjvjij'j ]I|j 

(^jjJI L-j-UjJjJI hl^Lc-lV Loir. 1 _IL_iL Vi La-*-uj (2 — 3 j _ jJI j-iiojjj 

3jlj->JI jjjGj i4jjL*Jlj 4 IjI mi f I j 4 1 1 1 ^ 11 ( _ r Aj Ajlll jj-A cLjMjJI CjVLJI iJ7 3 
^3 tULa i 1JAJ i]n") VI—1a tLU .^j— i*Vl ^yJI I 4 LA (J£ Jj -si 

4 ^ L~) / a CjLlj_>- (j_A l_aJ Ljj CjIjjL) 4jj_A ^ L jjSL i 4 _lLjsJ I 4 j Trill I 4 jJ Ijw 
L; r ic. I 3 jIjj>- CjLvjJlI 4uiaJj-*j ^a_) I_ a 1 jl 4jI J_u t(((i_>)) 2 — 3) u _ jjj^J I 

4lilljj_>- Ijlxj 1 41jLJ l 4JL>JI ^1 Jjcc.ij 4jLa (^jlU jjL-aJI ^j-a 

4jjSLa i 4 j 1 < s*t 11 4Jl^JI ^3 L^-ik. Sjjjwjll 4-A.l^l.i.l I l^Liljj l j-A jjj>lll 
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luU>| cj* iby : cjti 


frLU CjLLij^. 4 _l3 i 1 iadJ <_£ jJI jJl c_jjjj.ll I j-a jl>J LLa^-i lLI Ijlj 

,m u1aj>J! jl^_4j_i_u! jjaj . («_ao> 2 — 3) l-ajJjjJI ^LLaljVI 

L$J i4jjLiJl 4_!l^JI iSjLil jja 4 jJLjJI 4_]1_>JI <Jjjcjj JjLJI 


j-A t^U.1 jLrt_i CjLjj^j>- L_j_pjJ ( _ 3 3 3 -d-! 1 ^qjlj cl 1 . 0 - 4jjIj* »a li 

. (« J» 2 — 3) i"ilI dr^ 



cJlJjlt frill 3jJ fr^Jjw i < l j lr -1 i tr-fc ->Q 


1a*«j (i) 111 Tt ,jja^JJ :(2 - 3 j tjp l£ iiiTI 


Lftjl. l2l» 4j$1^j JU-gJ 1 lLIjJ juj!a £-0 4 ln.*jjll < ..*•> VI OljJ 3jj y—* 

frlit utjj l ij i ^2 ^ aji4_^j^ ^ 104.3 


.( 8 ) 


( j) iujLiJlj (_>. j 4 _IjL*J1_j ( l _ j ) 4.1 11 oVL>Jl 


(jy ja j_li£J! Oj 1 3331 IjLA jl L;f __II 3jl_ i3jVI 4jj3jJ 3 ^_I3ji3 VI JijIJ 

4 ♦ i riLiu cjI_51 jJjj j^z. j_3 i_uj 3_>UI oVUJ <_£j jJ 1 1^3 >Vi 


^ nr- jjj 3jU,l CjIj j j_ijjj 4 _ij'j nii^ t4_!l_>. J£j SjLil jjd 1j ^.3 



5_i jj>. jll djLmaJI l£Hj ^3^3 3j j,»3/aj 3J 3 Jljw uilu3 3 jLU 




J1J-C 1 
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^ La^ ^lAJ! ^ Amorphous Alloys ij^-oVl 

^31^_>- |< _ y ixi Ji£j i-iU jj i l_gJ jJi c. ; .iutJ^g]lj J_ $jlj 

4 j^v.j 'liLyaj 

3 ) ( JfC MlH l^J\-U^ 

I J[j , 4 jJ3jj_>qV I jljJI CjI 4j^_L^ 4 \i* I 4^jJI ^yJLc. j_sLli! 

^j\ i~ij ^«l_j)) 1-3) jIiJI 4_LuJ,l dJJjj Sj^-uaJI aJJb (j/\j 4_jjl_a^s 13.X ac. La 

L^J^i>.l ^3 4jj3jj^aVl II cljljj LA^^yJJ ^Jjkj 4_ljI j) A* 1! ^JLA Lll 

.SjUI ^ ^liljJI jj>J 



djL« 4-’>_ljlJ d_a_Ll I ijr JLc. ^I jjiLJI lj^SLu. ji^S-J,Li <U^js-. o o (3 - 3 j ^^SLlUI 

L^J^Ujwt ^3 5.1 Ul Ljljj 4 >i ^*i u ^ JlI I > In At * TI j ^a 4_*J3j^_a I 

. 3j^j-aj ^lU jj ,5 jII' 4^ i ih ^j_4 ^yLi.ljJl 


. a 


J 2y_i .a 


k T*> 


,*> i-uj^ill 4_In_i_ui^j Cj jJw I 4 j^tt a Ojy^=> (3 — 



uLu^Jt 

Jo 1 a ) ^_sljpi ^J~i -y I l^_up — In n 4 _lL-oJI jl^JI lIiIj J (jI Lai_i_u Lj^^J 

4j_ lm JuA J_Jo 1 tlj13 4 _jjL>. I lZj ij^lj I JA ^3 4j j$La 14_ jj^IjJI 4^Li_JJI 

4j^£La ^l.tn~i til ^y~> xj £-A Lfl ini i £__4> n 4_ol_>- "^1 CjIj^JlJI t illjj . 3 J J_st_4 

4JUJI JiLftJ (1 — 3) -JuJi ^3 J-UDJpO A U£ 1—Jj^la *1 


UtA SjLui^l .SjLoli 4jjjJuJi 4^L—JJi ^jjJI ^ya 11 

^jjJI c_-ljj^JJI 4-Jlil! {j£. u_fll^.3tjVI l)^ iJnlLi ^^u-J 4 jI ijrmm J] 
o-aJI ^A H ^ 1 l—^o-o 3jULl ^j! ^ n4 I ili \j <) .1 1 U 


52 





IfcilL Cj* 5Ui : tJiJ *i Jill 

^yJI U«'i jjLJI Ljj>-jJ^1 i Cj Cj\ jin" jjLa Lai i ii Uj-JJ ijjLiJwVl ^aJLsaj*-fi 
jl^ja Cr^ ^j-4 3-iL—ll cZjIjjIj ^j-4 JuJlaJI ^ —L>- 

. 4-j. 1 j 1 n" 11 jl^JLI ^j-a L^jjm-Lu i j r £~ Lb^j4*i) tljLLuaJ I 4 n iji be. a 
i _ i ^SL-wjj^^LilI d L»-i i< | o jL o ^ V 11 ^L-s I 11 >^ -*■ 3 ^ l^b 

J-uojsj SjjLaLLs Grains cjIj-jjl>- LU lVi i— 1^4 ilna. m> ljt j^ <^11 

i Grain Boundary 4 _i_l_lj>JI jl>- ^ uJajjkj 4 ^.j-*i 4 Jo^La^. 1 3 m » 
Lg ...a\ 4_lj * 1 1 Li La I j \j) . ^(( I » 4 — 3) 3^_I _j_a ^_A 


Jj^LS L -3j— lm£ 43 jJ 1 j j.u. s \~iW 0 —!Li 

^LxiaitJ cZjIj jjl ,j-4 ^-4->o ,j-4 L_kJ Qj 4_j I ( ji ni"^ )1 

jl^ll oLj_jjl>. _iLt_) 1 uJi Litjj .( (<l t- >,) 4 — 3) JSL—iidI (j-ula 

cl>ljJLa^£L_« 4 t LaJ L j_o _ui^Lox Cjj 1 a"~ 4 oLlj_l>J 1 4j, 1^1 Sill 

cZjLbL>ul jjI 4.3Luo VL lj_4 . _ Laj^LJU ^j-4 CjLLo jl CjIj _Jii£. (jyJj 

^ itj La-4 i3jjLstlI 4 n j>ll _C t tfLiVJ 4(J^j ^jjdl l_j _-UjjJI 

. ' (j^l 4 1 J 1 -v l j- 4 djjLfljJ 1^31 414 <a La u_3^LtoJ 



Ljlflv L$JUj Jj-a-aj L l * ;j 4-L£ J-a iuJ^il 4 i n IT 4 -_iLv I-J1 4/nil i_juSj-> Jii^Lu 

» 

■ -<j~ tt J i i^aLaJ 1 1 La-uj ,7jl L^aIc J)Uraj 


(ID, 


4 IAA> JSLj ijljjJl I_UJ_P dL>Olj uL_> y>jj 


djU,l ^ylc LjLuulj^JI 

^3 MlJIj 3_il_oJJ 4j^£LU 4jjjlill Cj\ _uj->JI 

q! uii~ U-aJo^J -C. t 4 1 >Tl C-JJ jf II t j-4 L^JIS!-ullj -L.ii J44 

jJoj 4_$rvj j-jJoJL» dJJjj i L^a^Iuojj < _ ? 3 ^jLlI I Lr>.jJj) i^l 
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iLLaj ^jJL Liflj Sj^LJI 3jj •*• <jij!jj_LJI ^l.,.,,^.i,c 

frl 4 If. Lot . 4-li^. JL ^ ^ylo^~<3U {_yA ^jJ! ^>. ^JJ) 111 ! j* Llo-lJ I 

3jLU CjIj^Ij _ill 4jJliLcJ (jj) m*jV Jlo 3 i ^jLJ! 1 —jj>- jJ 

J}L>. ^>3 ^Lij Ijjfc^ lOjLU L ys\J) ->> 4-0£.l *>>dj <jr}-uilfcjij ^C^oLG-A! jJ-3-1 

. jJjflJjlj 1 00 ^>3 J 3 I (^yJ! I 4 J 4jJ^JuJI OLlJ_LJ>J I jLajI ^UJLlLi>3 t U^~) 


4 L^LaJI 4 3 iVt » > JjIjj 

I £tix*u jglri 1 V 



4jjJI ^yJLc Yl -LSLJl I 4 I n <.1 Ijfrj C-LV I Oj$ , /> :(5 3 ) J£_JJ I 

_<i) i J_Ja 4 ^ ^ 4 J i >U. I 4__jjJ-aJI iJIjI t inU^gajvl 4 JLulI 1>I - JI l i i£j-U I ^ 

Joj^-v>- 1^-0 J_4 -oJlj (j (b7 -JI f) jLjljYI 4.i i^jLi Ci\ n i'w O -4 ^Gj ■> .ujLJSJI l,J A 

Jj>-1 j 3jU.I Cilji iaH£ t JSi ,7.H .4 i><TI jjjuv ^uL) w2 ^ju 4u^aj 

. ^ L 1 4j^oLoJI -L>J I J^la ^ jJJLi ( q ‘t t i ttJfl m><ll l^ljLlI 


>—i lU 4 In j u l^j Cj jJw I Ajjgrx: a 3jjj-«d (5 — 3) — Gil 

4-^>-ljua^ SjLc-U (jr L>.! jJ! l-* a£jJJ! 4jj_Ls 4_i_i_tJ j— bLlJI 

-Gil L^jJI -“*-U lIIIj 1— £juA*1 1 ^jL i oj^ . 

4jjjLj uU> ^>3 lJlIGj 4.1 _11 H ! l 1A~V^LJLI ^j>3J * (j — l) 





ULjij ^lUl *j*J1 


I Ju>> LjjJiaj La I jjj . IjILajjLj 30 j-3tj CjijJLajjLj 7 ^_ys LajLjuI ^jIj^j 

Jj-aj * 4-LiLa lj 4 jn4 1 4 j a Aj tLajJaiw Jj>.j Jaajv V-> i3j_4 4i4 /~i!I ^ j 

4_lx_lj>JI •%. 1J Lkjl Jl£.1 lJsjI^jJ (jH-H 3jLll CjIjJ Jj _>.J (j_£Lat 


I jl j . . <Ij1 ij.l^iJ I 4.1 i^LaJI Jj UUtl ^1^. j}JlA Jjjfc-J l _j^_i l . a < j i 

jJo ' i a . I if ^f 1 ^ • t i ~* 11 i i i«wl | i f 1 1 i i /t i 1 / ^ A 1 i > | 1 t < "i A j i a 

LT 1 ^ lZjIj JlII Jj 4iaL£ <j I -LjcJ i_ll 3 i Lfl m 41 4—j-LuJ I L A Jj Jl>- 


JL3 (Joa< a «-A)> 4-li^i>JI (Jj.^ 3 Lwi \ ^ In i.i J! 

* 

La£ 4 4_l^lj>JI t-J Ji>b JLxi pJ — <^1 — 1_gj] itu _jj>* tjl-ijl 

.(7 — 3)j (6 — 3) ja 



< —?r ) 5 nm 


■i* i (JjLuJI ihTL ti^j) 4 11 >~>iTI i» {!) (j\jJ *>i t u~t JJ :(6 - 3) J5y^JI 

jJaUua JLi£ -L>-jl jjl jtjJl (j i J i^>> J J <Laj»UHl il>l j 11 ><! I l j_a LgjfjLw 

4 ml 11 jljjjj .(7 - 3) J*v .Tift Ly 3 ^yi^l jt i^~i l Lo£ (4U>jl3Jl <.</i 

iL&jLjL-il ^<<1 \ 1A4 n"l5LL) I a W <xVl If til IjjJt AAluSU 4 __)Ja1I 

.«J^- > j <i lj u I Li 3-A LaS 




4_»-u!jJl) 4_i^3 L>J I 3jj jtlil JlsL^tJ VI jjLij ^j-a JuJjlII JjUj fjj *J 

La 1 jj 4j 1 t~4 jj t3jLa-U 4 41~ V U i j^» !j ->^1! CjI m <■ ->JI ^-3e_^» J 

La ^J] La^oaA^ aJ ^ ~ij I lIiLio-l^ jLljIj jL_La!al —^tUI ^aj 

( 5 12) . jU , a-y. LuLfcjj ljjj^_a Cj ~ia^jLj 5 (jj-i 

t * 

^ji.3 Lli l^j-a jj Lj 3 j-st-i ^Jj J-Ltall SjLU Cj jLkal o jJ^u* I ^K a 
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£albJl 


I I CjIjJlU tjr l^-II JJl—*J' ^ys 4 jU,I 50 

Sjsljj ^-y-i-Tj l-4-^ * L^-i-AJ 4 I i^LaJl JjJl>JI CjLl_u_>JI ^ t-> ( ii <jy ic. 

. jL»mi udlj cjIjjJJ 4jjjljlII 4^L'iSJ1 


4.lll>J I ^Jn ■■■> JLjk^J Cjljj 

4 , it, a L> ^ j L _ y j>-j L>J I 



4 J-UI j 3LJI $J>U.l4t -> ...Ijm Oo->- I 4 —Bjj—•( 7 3)J^ lUl 

Jjlj.ll) I 55 ( 6 3)5(3 3 ) j\ 1*V iTiII ^yit 4t.i ill :i-A;i 4 n O^JJ ^1 Vt-Ut 
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4 


4j JLJaJ) ^4 oljll 


i^Jla 4_njl_i_uJI Lt>a LulIUo 

4_*jj 1 Jl^ia ^Lc-Ltll 4j Jl) jJI ^xa£JI 

JJjb-a ^1 l j Luaj ^ (JlP 

4 jLjfljJl L^jLjjSLa 4i3jjcaj * 3 LqJJ 

p i IIJ LajjJj CjljjJI QJA 

^£LJI IjlA jLLsI . SjUI CjLg^iij 
4 j^us ^ fkjJI . jlj—II <>e JjL^' 

iL^c.I j-jV 4aj4j ^liSjI a_ jjl>o jl Lt>j <^i%. 

1^4 JiStZ. r.nJ ^ ^ ' jlj-LI cJa^Iln“ Uij 

: Loj& j qi-uj ^Jl (jkujVI 

. 4j J_j13jJ! ^Ijll 4 ^l9 • 

. 4_oJLoii! jl^JJ 4 j]9 • 

4-ii ^t^It 

l jjz 4j_oJ I tillj CIjJU i j r a is-i£\A l j &j ^_J 

J-Lc ^jkujVI ^yjJl jljll 


■ w. LU^-.^ >1 I **■"■_url 

j^yjl j^j ^,rt_>. 4 /1~1 1>I jlj-U 

X._lit A ^ _fl.l.t 1 1 Ja_I_U^J1 


«... 4j^j LUI 
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1 ^ J j | t LbjjJ j *y Jjk (( 4jJulfljJLj)) i I JUk LLc^J L^a„ 1 V*i t lU (Jlj 1-4J 

uii^i ,Jj <4 i \ j. n" i» a jl 4jjklj CjLal jL3t2j_«l L^J _L>u V 4 -jJLj i'iTi L$jL_s 
j3 j 1 ^4 L^j^LI llL_ 1 jj i 11 <_ji jj 1 £_L>- i i < I I juk (j—4 

iSjuJ^j d ah4 - ja CjLLuxajj dr j i~ a 1 L^aL^al JL^jl i i< 1 LlaJl 

J 111 I (Jji J-u ^1*4 . 4_>J r u 1 11 Lj jl3LJ 4—Jj L U3 O-AJ JlLo lLU jj 

J^_4 ^ ‘ CjUIJ) j*>< I! J^Lw 11 

t 

i Ju.L>Jlj iiijL_i_u till j£j 4 < 'n n11 j u-ukjJI J!La 4-i^jJl Cjlj-LaJI ^-udL ix. 

CaXJ-IJJ 4 LliL^ CjJcwj _ l^jjVI £-LuD << ]_yQ jl 4^1* j ilr> J>l^4 ^j-4 till j 

(jLajJ! Ajj^laJ! l j'Lu^y\ 4_Lvj J^L>. Sjx. CjVLse-a L^jLoI, 1 V*t i ill 

. 4jIjLc.j 4_)jl_l Lo^jj 


t 4_u2.^-3 CjIxS 3 JJL. 4j, JulfljJI jljJll I <11 '<</Vi .V 4j 

> dr j r,I I cj VLseJ,! ^ 4 L^jUjJajj L^dlj-i- 4_»1_tiijj L^j^J LSiij l£JL—I jj 

Ia/ 4 A^>Vl 1 ^jl 

4 Metals and Metal Alloys 4 jyLaJI cdjLxJlj eulyloil • 

* Ceramics <^xa\j^J\ j!>L 1 • 
iPolymers o 1 j^JJI • 
.Composite Materials 4 ^ 1 jl^XI • 

4j>.j JlII jlj U i nl~^~) I ^jJlxJI {_yA 44—3 —xLuajJl I Juk jl — Lsl 

t V1 Cj Lc. ^a?rl> I J1 3 4 ^jX. L^juo 1 L^jLL-c3 {jy £ 4x.j)4*a- 4 —J 

L^jlj-lioJ ^£. jl J t 1 4x. J-4-56-4 oLoJ-lL^JJ CjLoI jJteJL ul jjjLuj p ~ 

• cjIx. ^ 47 - U-> 


4jj t *l%i 1 yjlj ‘ 

4 ^ ^ Mineral ^julLI ^y -4 4 j3 1 H 4 j^^ itII 4 Jl^iJI N^Ctal^JLaJLi j._ 

4^\ jiiilUj ujJjlj L^^-U I Juk . ^^oLo^J VI j JU w Lr s Jl CjI^Jj3 ^udLlc, jJlLo 

jl jJxiLaj ,^0 ^->*LiJl (JouL^jeulU ^j^JU LiUj Metal Alloy 4 —jylaJl 

JjVl :^ 4 «n4 4jj_LaJ! jljJLI ^—< »,S.uj . 4-iiill j!£\ 

Ul 4 JuJltkJI j ul ic L_^_lj£jJ Ju ^jJl 4 _jJuJl>J 1 CjljJ-flil lLIjI 1 4 41 
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jj£_) V j^yli-I! 4 j Ju Jud \ jj£. cl»!j-LaJ! Llijl t i n ^LUl 
4_JjL3Ji <JiLo 3 Jj. tf. CjLLi^j 4-oLc, jlji,l j j ^Tij . L-JajJa 

i^wJuuail (JLcjs^I ^jc. iltljLgjwVl 4-ajLiLoj 2 uLUI .JS^bJIj i- 4i- <. t JI 

(^jl^^J! Lj7 le. L^j jJl3j j jaTi Lr ^ <-dJ 

i JuJl>JI CjI j Ls j£‘s> 4_:>oLjJI 4 31" VU l_j IA^aJi cLLjLj —lm JjlJj 

lIIjL. t_oJl jXl I 4— jjlaJ! ja-oLiaJI (J<^ *JJ —J-iJIJ ^ J j4jjj£JI 


CjVLscJLI 4x.jjjJtlj 3j—J&JI LfljlHj-t-Laj (jr Jj Ijdsu lLU3j 3j«g_Ju 4jj_LaJI 

t 

CjLq' [ V~i i <i^/l /ya 3 j_aj£^ 4jwLlalx> lILI 4£LjL _«_uj (jjjLstill (Jlrtjj . 4 3 h V It 

Jju-ajjJI (J1 I ( _ y i£.j .4. Allse-U 4 j-w.jjjj$g 1 I CjI njilVdlj 

Jljj Laj .^Ul jj—2JI J}L>. jl— lmJ^\ jAol J^j ^jlj^>JI 

4_3_uL>J I CjljlAJI l11jLu_o ^j_o 4J_ uAlm 4x.j o i- 11 qJl& ( _ T ic. .Ijuk LJlajj ^~^- 


jLo-C. Jl*j i _ T 2Jlj . Laj_±£. j ^jjj12j2]1j ^jj mirLUj JlLo 

> 1 Ur> O J->- ^Lc. CjLi^jJLIj jc. JjIja^JIj CjIjjLLJI 4 CLLud 

. 4 j 9 3jJaJI j 4 jLiUj *iTi 43j3-v Ijljpa iltlc.1 li^JI 


eJJlb l. 


AjS>J*1J J Hitt jl^Xl 

Jlj_ljjL^V! ^JlLo <4j^[j a I j.1 _ i_uJI (jlii i4jj_Lill jljJll <!! ( _ r i£. 

4 3,^4 jlj^o ^ .Nitrides .Carbides .Oxides 

/iTJij L-*st_ l^II /\ JjJaU jIjuC .ul ^jjj V Brittle Materials 

3^ jail I 4 j >bC^iH 1 I jjul! Jjj 

JLc^-l 4 _a j La-4 ^—Li L^jjJlSj . L$J Hardness 3 j^\ ^Lajjl J—!lo 

4^ajLa-4 jjy&S LiUjl^ 4 4_^wjLisJl U_ t-u\ i~n CjljL^wjj 

VJ 4j^_ i_uj jL^-u il-it .>ili d)ljL^>.jj ,J1_o^>>I aL>u 4_Strength 

t Li! L^J tl»l jL^>.yi ^j-3 jjjSLI I Jl>. 4_JLl ^<u±3 i 1, if:. 

J^QJI (J-oljjd 4 _jJL*JI \ 4ji rt4 > 4 j£j-*I jlj-11 Ij-A * Jai-_i!uaJI 

4jjjj jI^JU j_o 4iiJI a jla ^j! jl^j . Erosion _Jl j Corrosion i j— u*l L 

^ J-lill l^l-A o\ L? -II llA JJ n il ji Jjlj .^yJj^Jlj ^jl >^dl J J 4 ^ j3JI 

i0JUL& ( (jr 3 3j^0 JlAJ Jl3 jJj <CjVI _>JI L-Ul jLAJ ^ J- 
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J Ijl | t a i lAt A * . \ | [<IK 


4X. 1< ^ 4 / 

^yJJ k In , tiJ £ Lj^^tlj 3jljO>Jl (JLdojI C-gJfc^U jlj II 1 

£-J^_sVI JlLo jljl! udlll 4_IdaVl Ju dJLLAj . 4J j^ud^Lo ^j»J da_mj 

* ajUH 4 -c.Ll4-L>>! jJI i^yj inllj 4^L>-^JI c dtrj ;~l,l 

.(^jl^^JI L_ijlaJI ^y_>LjJU ^*3 ^JL5tZu-oXI 


lJI^U-J l 


!^a Cj Ij^ut *._ t 


-ili.il } 


jj <Sj-y j 11 jlj II ^yJI 2>i_tIuJl t 

I {j-a —Lc.j . 1 £.xj&ja ^y£i la i U j-uslc. 

4_jjlj_lLlJ 1 ±\ jll jI i l^t i ^ jjl_mjVI 4 t ^yoll jljJLl c±Uj JaLLo 

iGj^iu jj^Vl cj 1 ^ 41 j1I jlj-4 (Jl^j dsLLaJLIj <il ojLU\ ^jps i L^Lo 

oli^I Jl3j . 3 Jlj JlC.j 4 a l~i-*-_4 CjVLss- 4 (jr 3 L^j lL,iLvi ^^a£L ^Jl IjJoj dUjj 

-lljli 4_4 jL^ 4 Ijaaaaa LaiSj^s ^ .>>111 (j^SJI c=i_<at i a jJLo lIjIj—qJLJI 


J 

^yic. 4JealXl jl>U ja5il 4 Min) CiT-ii/'I 4a_mjI^JI 

4_Lq ^JL*JI ^IojI t_Lu ^ 1 Jl < A i^>ll (dLIj d~a,jA~, a t^JLftJ! ^j"* ■ - * 

. I , j, jlaLa (—iaaajj jLLfl ^j-a l_jj-5jLo I 

cillj {jj* iSj-^ f £j. J— 1 1 ‘ 4 ojod UI ju_uio^J 1 Cj I jo loJ I 

ed^aaaiJJ t oat^aJIJ ^rdaaaJ^aJI Joa t lILI^H mil LOLtaij 42j CjjL>- jljl! 

iJaSL—iiiaU L^aLLa Jo* L>°^ 3^3 *—5 JlC. (jr 3 4aalx. CjIj _ «jJaJI 

j!^11 I 1 uaj I Juuj . 4jlallj 4 i i^jAj 1 jL_jaJl^ _3tJJ 

• IjUaaJLi ,J£TjJ1 4^0jL2l 4 Ijaa^J 4aa-uJL l^JI 

4a mi, 14^11 jljll l3J) ^~‘~ i Cjl^gJaJI ^jl 4^£^jJl ^aX-J 

jl 3CJ jlSu V i ^ * j ->■ i4£.jadll oVLatlL) L^jI d^i ln~ 4 jl3j • aJ I <_yj3 

t( JLaJo VI L-i-tJj *C_jLjaJlj 4_rna^S Vi 4x,l i 1 V~ _t_aJ . L^JLo jJLLo 

> CjU-MU CjLjUojj t 4 _ljLl>^_i^J 1 jl^llj tflall Ja-4 ^Jalj-mJI c-aajlj|j 

di£.[ i iss (_yJ3 ijr&^ t4 4al^>Vl Cj1^o£. 4_claaosj i4^j*1d^1 

I —j diLa^jll ,Jjl 4 ^jj>.Vl CjI Jtaall £yi jLaJufcJl 

. dd.^V TI CjLajJuJlj 
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2u£t>21l il>Xt 

Luajj l^jlr. Jiiajj ~ CompOSlteS CLj l_ £\ ^ULL> J. 


U^J 


^iJI 4j lt ,Ai^\\ jljll (ja a!lo!\ llU: - Composite Materials 4 j£I^JLl 

j| 5_iLa (j—ft 4-Lut-o 4 j qJ cjx jl 4 _jjj^ l_<— uj 4J3LJol jyC. *—Uj 


jl SjLft j^Jl ^Reinforcement Materials 4^cl jJ! _>!^LL> l_s 

1 1 ju3* UaL»» L-JUJ! 3jLo ^4 4ftx.Ijdl jlj_II uLxl%j iMatrix l_-JL3JI 3j! .a 

J I^JL I ^ 1 j u~v 1 I 4 U-1 J i 4— uuj Latlift 4 j£I^JL a J^jua^J I (j^o_ua_s Lft^o 

jLl>JL> ^"i.4UU ^1 4 aCI jJI jl^11 jLjI^.1 1 LjJiiua 4-ftX.I jlII 

(j^£j (J-uL j-uVi SjLft J_ft jl (jiaAJ £J0 L^iiaAJ J^. Lfljj jLfl i J-ftl£JI 

J? 

. 4-j^ljJcftJ.l ill t—JIS Ja*lj Ajj^aII 4j^ >*n i *JI 

iflLtla! 4jftj^ll 4 _i£Jj 1I jljJI ^LIj! (j-a L-flJ^ll I 
^ylt4 . L 4 J 4l n->L!La (j£u djLLuaj iliLft m 4 ft l .>* 1 j| <_jJL3JI 3_}Lft ^yJJ 4 ijift 
(j>5 JaLLallj iuLaUtaJLl Cj IjLjj-oJ I jLLd^i/ 4j^£JJ 4 j < **.j\^JI SjLlI t JliII J^-t ■ ii 

t Joj} * / <n 11 (j>a ^ V 1 JL ir Jj*v <*iu 11 4_1^ $ ■--» 1^ if. lL) ft I ill 

* 

Lr lll ClIjlLVI flJufc gji^l (j-aJl_>JI JaLIail < aIqjj (jl ^ 3 In j 11 (j_ft -jui-J I jJ 

4_3_Jo i a 1 j-a~ | jj t4-i£JJJ ^_J uu ft LSI 4J ^ft-ll Jo j^LxiaJl (j» JJulJ tV> 

/ 

Lft-ft iiexmJLl JoLLnJI ^a£.JuJ dlft-L^JI Aaj^jJI t■A aaJI dJ jLcul (j-ft 4£Jl Si"ft 

«^kl>JLV*i i <i^!?l ftLSl (^5 L 4 J (jy3Jl CjIjL^kMJ 43-ftjlift 

VI SjLft (jjxft < u I l_-JL^ (j>a 4jiJ^J,l 4_jl iti^^Jl 4_i£^I^ILft i_L*_i^ 


JL tn jlj-aj tJoJjJI (Jjja 4ftC.I jJI jlj-LI (j-ft 4 3l*iV ft ^lj->^ 4—ijnll — 

JL | (j_ft t3 JJLdft I lZj LsLi-o[^ i^J^ft^Jl (^jii-ft 4_) CjLcJ^-oJIj CL) I -rail 

JlJLJ J 0 J 3 JI (jl ^^jjl (j£. .(jlj-uJ^I (jyJll 4 -I^IjJjlLI jl^JI 

<jL>u CiU mi VI 4_ftjULft ^i-gi ^yJI t~<ift uiVl j_ft 4 Inl'vj 4iaLual 

. 3j ft." 1 n ft 4 3 <aj l Skill L 4 J ( jy 3jI JaJuiaJI dil jl 

(^ 4_L>»I jJI CjL^ljJll J-LlI j_A t jljXI (j-o clljj I dlill jj*. i 3_i iln~) Jl "t ft 

Carbon (j^j^£JI l-^CJI > ^l o t4 ^jI«^^ ilj 4 j^_>JI cjLi£J-ll 4 c.\ ii^> 

4iil3 a. i^’ ..Jl 4jjUI ^Ij ^jaJLftj^lV! dLL_*_u ^Jl Fibers 

u-^Luaj jlJsj i4 a1uV ft 4 j 1 '“L* a j ^ 1 ■ ^^f 
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uj La Luo VI ejjt . ^j>j>SLli c_sLJ 1 £A j1>x 

jl^>. {_y a (_^«L t-uVI 3jLa (j^a 4_j^laJI 4 *v ji i_ull 4u5 Lj l£ulI -j*ol>isJI 

4_ijl_JLo 3jlj_>. CjLwjJ Jl i£l 4 n I" V 11 4_j>j>J! lUj. au^ll Lgjusjju J tC. jlxgjVI 
4-3i 1^11 jl>ll dllj q\ ^_yJJ 4__3 LuoVLj L^j^Lvj *LjI (jy —s 

LbJ>>.> OjIl£i J>U. 1 Ju-ca.II jJjo1>£, Jluo 4SLti* till *La>L3ja 3jLj ijr Lc 
. Cj\ jJjjJI {jjs (js\* »1 >1 jj $ «" SjulI 3jlc. JlLoj i4_j_i_uLj§ 4j^wj 4 j m) t—Sj^lo 


t li 14 . 


~a m. iZ~;u ^|^Xt 

lj\£. ^.llo j.o 1 La 3^u_>-Vl 4jj V1 1 i 14 a l m a JJjuj La 

^ Sju^nJI L$j13 mU~ /“^Advanced Materials 4 u5Jl3i11 jIj—LL 

M) 

j1>U dJJfe 1 . ..I . 4^>Hl1 4 ■> 1 In! 1> 4 _i f. 1 11,4"\ 1 I CjVL_jcJL! 

(■ a uVi 1 ,Q j> I A L 4 i"ttj a ) 4 _l>>J jp^>rJ 1> 4 jjLusl>J1 ~bj- 3 In 11 £_>o 

— j \ In V a J_ — j-* — iZj \ l_3 1 4.1^ IJlA ^j-a ^C>JI ^_uolll 

tillj> t Ljjs^Laj LuoLLuaJI l— .cr.Ua. <a ^ j -^ 1 4^aJL3"il 1 j1>11 £&_lla-iAa (jLi 

> 

3>_u^3ll 3>H11 (J? —3 3juju>JI jI >11 ^jja gull j j_jJI 4-olico^ Ij la > 

4^ Jl3I11 jIjI! 4-njLLs ^i-3 t 4 j V JuJi *1jVl {j£. I Juju j La J . 4u_uoLli 

(5) 


Advanced Composite Materials 4 aalitl 4^1>H I jI>11 J* ; 

l^jju ^yoJlj *3» \ ju 11 Glasses Metallic ^>1^11 

jLtixJ Amorphous Materials 5uaj>jaVl jl>ll ^L 

1 tr>.iA4 ^Jjdl ■ L> a^>JI ji^u 4^oJL3*il 1 ji>l^ ^ lla-iaa 

1_4^>L La t„ Nanomaterials 4 j>3LUI jI>11 >aj Ijl_jjl>u 

4jI Jl>- (jjz ^JLcl dll j> tla,Lull jl>i! 4_4 jI^ i _- r 3 3jl JuuaJi ^jl^La JlLssruJ 

vl}jL5fcuj L_S>j_u> . (jJj t^it 11 ^j>-3JI Cj l_li_l» i-t_uJI 4ul JU (j7 3 L^LLl jjjL 

4 j3j^> J!>i I dj_4> 4 j>4 ijfC- ujL^JI I JJb 4_Loll (J> <r^nll 1 3 

^lln i^> 1 La Ljr JI Cjjl ^xll 3jjljJl 4 j»J> Nlf I Lfljl 3j iln3> l.^jlr. ( J>__ i^>JI 
.>j\jJI L^>]>l£u t^>J>-iljdl> ^jUJl 3 j>Hj 4~<j q i <i3 ^lc. 

* 3jC 3jC 
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jiLJl 

&ju lalf Ij 2UtjJ:,-.aJi j\j 



5 




L?—* (VA 1 ' uJ (jjl 

(j—* Lula lJ — j /^>4 4I3-J ^—la 
<c_jLjSJ 1 (j—<o JjVl c-jLlII Jj _uiB ^ < ii Ij^a 

3jUI (JT i— luLLI! jj)U~> 11 Lija^juj 

C-ci^jj LT _lIl «p£UI 4 —j^Joj)) CjI mii t_i. 

v."i 1 In (jl Jl*j g~iLc.ljujj »l4.UII 4_ jjJLi£. 

pLj^ojl ^jLjaj jI£j3 I 4 u±x JL». SjuJlC. LjJi^ 
>1 (. luS l i j I j J .4—fljLuaJ! 4_ j Jol A J1 


lLUj uy^ 4_j_gUUH 

4 tuLlljuI lUJt 1 j>l (jjjJ! 4-Jj^/! 

i3juJL>. 4 -ijIj^-i4 j*Jb l^jo j_u_uji3 ^jC 

CjLI^J Jjb (jL_uJ^LI 4 JJI ^4 Ml (ji Jlx4 

4 jLu^j 4 jIjJl>o 4 j>.I^jj iI I 


J-i-4 i4—IS ^JL*JI CjL j_.3ju«l>J! 

4 unlVj jjyJJ *J.tauj (jj_d.ll j_5c_9 

4jSj ■ ,.MCII jdL) 4jjVjbJI jl .^jjn 


Oj^' ij —* cr 3 ^—« J^” 

d_L^3 1 j <0.^.1^ 1 (1 I~J .-aij t ^ ■ ■ ■■ 1 

■■^j j n'lJj J_ a\yc. clJj 

CjljjJI \ _l-i_i^_i l,j I 1 1 J>a ,<>_1X. 

jU.ll j SjLJJ jsl*. 

<. L$j\ ijiv j 3 jU,I 
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i.*Il^LUl IjO^JjJ I J>Lv pLqJjlJI OIJ Ifi ~>- 1 Cx^J>»Jl I 
^Uiil JuJ l>. jfll jufl i'll l^l£.L3 i^-uLalj ^JLjlII pL>-j l£L>L l.■ jV_j 

.^LjI 3Jjlj Ai.Mdi 1)^3J! 1>-® 4 i<nil pL^jjI J^3 lLUIj {((^cSLII 4 jjJcu» 

Aij AjJkl\ jl^l 1 $~i i jj^kll L j3 Ajj In ill <jJlA oJj ^4-Jj 

LatJ^Q iiJJ JlJ i L&Jl O^Lualj L^-Lo OJui*L3 t«3jLjljJI 4_u_< *i i 11 » 4jj^Jijj 


c.ljj_x3Jl ^1^.)) jCiuL «L3 j_*j li_i ~a 1 j a Ui a j L-3_uii^ L^uujujj L-i.uiLy’i.a Ij^lr 

jjLJI ^Jlc. vUjtt a ^-3 j.-* i 1 i>l LjJ LI jcLlII I Juk V^Jj i«4Tuju>JI 

K_tlVvJI I Jufc p 1^3 4 t •> in ) 11 f it I 1)1 Laj tSj^lJll L^jUjaLjj 

OLfc-a^- lC. 4_a_4 ,Jjj>oi jjl {J ^ 4_jjIj ^ 2^jL3J! 1)1 l_j (jl { O^J 

t 4 j^jLUI j!^_lI d a ^ Lxx t\J i t sh<JI 2; ^liil* iLiJI J^__uiii 

. ^C. LluaJ Ij Tr~i 11 < nil La^ji.^^ 1 1 4 j3 t t_£C lj_s I j 


l^jLAAuIaJj 4U^3LJl 

Metals olj UJI JiLo t4jjul3iJI jl3—II j- ±*y 1>1 J^aJI 


tiUal^Jlj iGlass 1 Semiconductors o}L^jAI oLoij t l^SL^j 

^ujjfci Mill 4JjVl 0L0LVJI 4j>Laj juuiPolymers ol j Ceramic 

jljJLI (Jl^-JLl i nl*iV1j I JlA .(^LjjjjLi jljua) 4 j^1>3^jLi JjIjuI oil jlj_4 J)jlV j ^3 


fr ^ 

cl) i 0 


4_3jj_L3 L_3y^L>.lj 4- J^jLlI I 


^cjLjIj t-\,^i^ c-o-uLji 4.nA (^ylc. ji iNanolayers 4 j^j 11 4 _j _ilir.i 3 jj-u^ 

t Nanorods jiNanowires jJ}LJ ji t Nanotubes 

1 ^£.Ijj 1 ^yLiio-l 4 j^jjsjjL<JI .Nanoparticles cjL i._i»*». 3 jjj^ 

oil 4 j jui 2ll 11 jljJLl c^- I A j J A * 3 4^^ (4-uL)j_i3 (j-alj—sej 

»»'~'~j #Lu jL%_>. I 4_!yjj4-> t^yJb 4j^jI_L 1I jljJU (j) C(. i. aj.j X11 ol .ijj^JI 
( _ r i£. (JM&JUJ 4_aJL3uLa 4,3,1VII jljll tJJui jJLqj 1)1—3 i3juJL>JI ul>"iill 

l^uQJ V (j-ol4_i3 j^Ijjj i 4 t-i i i^>*i ^Ul ^jL^JJI ^u-iil pi Jlj 5pl 3^ 

. 4j jlj12uJI jl^JLl oUar" j a ^3 lui»^_3 I^j 

I4Mc.j 4 jjjLL 1 I jl^ll (JlSLiV 4 4l~iVll ^IjjVI (1-5) JSLoJI jn Vljj 
1) 1 ^ tlaj a f*j t J^u-J I l^a^ . ( X t Y t Z ) 4_u Ml] I ^l^uiJ I tO Ljj) fcuj.4 I 4 i.lu j 1L) 

;UJ olc-j 4 uJ^Lj \ 4jjj 1_L1 I jljll < 3 i i^k} 
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IjjjLJI jt^ll ^yUl A A l“i ^it.l JLSLiVl (j[UJ 0 UjU>") :( 1 - 5) (JSLuJl 

iliLjl^Ini («—»( jLjljVI <J_»jL>-i) 4_)jjU) illl J jin jt ( l) 

/ ^ ( jL*jS(1 Aj-jMI) AjjjUi uLu> i(A jjUj) <Lj_ijjLj l-lajUI j( 


J_>. I (JJL ^jJI jl^JJ t 4_ldJI ajjb 0_>o £_xj : 4jjjLU! dt^lt • 

1 J !nj In V") I mj (« I)) 1 — 5) JSLlJI 100 {j£L LajL*_) I 

CjI j 4_d^3j 4 -x !r> jo 4 d jL 4jjjfc ( _ ;T lc 4ldJI dJufc 4 ijit 

jjl JojIllIj V 4j| J£^JI (j-d (Z LaJjlj) 

j!J-U-J 4^11 dJLA CiJ4 j n LlA ^)-dJ i4j^jU ^X tY) L&ljULJ 

_ilj-LI dJufc 4_llLaI Jyaj »(>Ld4 Jl>Jj (_£jjU Jjlj L^J jIjljVI 4jjL>> 1 4jjj11II 

JLuil^ 4 j^LUI jI^I! Jifl Thin Layers 4_^ixVl ji^LijJ! U £1 L£ 

^U,.ii *>LL ^ ^jLid_^lll Jiuf> t Surface Nanocoating ^_La _ J^\ 

l£ 1_4_ i _ u JI 4 iij4j tlUj jl i U t^lljiJ^QJI L^uLgjv 4jylaJl nLfcllll 

vijjiill i y* L^juLsj i jsjiflj 4_ul jjLII oLtlill i kjjju iJ? 3 4^a imil Thin Films 
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i .<11 Jj£j (Jlla 4 dl~Trjl Cj^Luo^JJ dL-ill jlj^a (3"*L^j i -^~ LiUJ l£ .i_JillJlj 

(JjjfcG 4 j AjC ^ 1 — 5) JjJlj> J 1 ^—juj . 4_j _u«,<u**ll L)}UJ1 4-C.l \ i<n (jjjb l ^ ajU.j~ I 


<jJbLoji^jLi!l ^jLSjj L>J 14 st. t* — ^yC. 4_j lliUI i ~ i i ^ ii 11 ^ ~ /t 1 

. CjI <ij Jn~ II ciiij «ju^ ml nJ 4^ ]n tu L y=>\ jJnJI 

ililii_i JbUl gPalt lnm tjn+aJ>o :( 1 -5) 

• JjLa j-i 4j!vUo ulUiij i~A n l~i 



jjJl l^flLiaj 4 .j 1 Ut t 
*^- vl pMla UJU ^Li ill In 111 

£-jU! JTlJI Jya CjIjulUj CjI ; .<U 1 4jLq->- 

4J_JJI jljAl ^claaail 4-)L^>- 5jLj (LiJl < C‘i^V 1 ^j£. 1 

.»_iLl^Vl J 4 \C l i anil 4 -*■, V1 t Cj jj-»UI Jioo 

Ly £ 3 jLj : 4 j^jj LSLi^o ^-aljjv • 
4_ajUL« 3 j>Ljj .^j-ill 

.^pj J V-Ll x-Ln ■ 11 Vi 


L^jjLa^vj CjI— atoll I £ 

dJufc JjpS IJ_I . 1,^jlc 

4_4-3t. 


_lLs_lj 


-t..ujI <UitXAJ {JT °i * > ■ '■"' jlj_u 

. &. a a! p H >1 i l '<.1 1 ^-Lvj b. ..^ 


^Jclj_u 4 jLa^fcJ 4 i 

JUI uUv.ll 


JyA Cjl jjVlj ,VlH CjLLi^LoJ CjVVI * lp>-I 4 jLh->- 

jjjLLu^jJI ^_La_i_aI 4 jLsl>. . ijLi^aJI ^j£. jjUl 4 jj 1^». • 

J>j! . ^ < iVi 11 ^j£. 4xJ v LiJi ^yi CjI£^jk1.Ij | 4_aj L2 l4 

. CjLjLfejJl Cjl.tai.llj CjLI i ill O*- ^^LiJl 4-ajli>s 


& * > g * 4 _uJaj^*jJI oJ>—43-Vl * k» ■ ■■! ^ V la 

t^aat-->J 1 4 _> m)lj ,Jjlj ml 4 _iJ».jJ^j_J I L^jjO^^Lfl 

^jC. l^J j-£- <—4 jj>- 1j->JI CjIjjVI ^L*> ini 
CjI— l g~i AO Uta 4 —Jj ill CjI^jJJLI 

. CjIjjVI cIIj .«j L^L-alll j_Loj CjL^^jIIj 


4_a*M-ll ^ # 

. JjJ 1 dll jl ij-ia < 4_l>.1 


4 -dj 4 ^JI cJLft— l^jVI CjI j Jjlj_*J 1 jlj-o 


• 4 1 ■ ■■ 1 La I i» a j d 1 \ j ^ ^ 1 ^ 


S^PJJLI Jj—^ 4_aJu>tJ ^aJ.1j 

^=,1 ^Vlj cjLU ^1 | J>jl 

..-■r.i_..n ,u.^ w v. a. '^-,...1 1 a .1 —t i | ■ ^ ..J n iuil 


Cj 1 J 1 J >% /X d a \ --*- ~ . ■ ■ 11 4 l nif V Ij 4 2 I 4 jJ 1 4 Vl 
CjLiLiJI j_La—i_ul jLij lj;r £ 4 ni In 1.1 j 
4 j m o 1^1 11 L^L>JI 4 jC.I i t<~> 1 Cj i au JjlIIj 

.4^UIj 4j 1 j ^ 11 L^LkJl j 


1 jl i.n>a : 4jj_oa_3 

. ( _ 7 Jj_uaJl ^ulVt-iV 1 
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4*131 1 ^.IlA 4-£ij.aje-c ^—a JojJ_iij : jLauVl 4a 11.0 4(^11 • 

Juuj . jJLqjjL) 100 LfcjljLjl ^j-C JlJL) -xHc J-5 j <j 1 4 j^j Li! I _}lj—11 

V (Jji iii l^j-iaj (Nanotubes) 4 j^jLlJI cjLjljla_t^Vl ji t, tj^UVl 
4 j^LUI ^aLJVlj ^(Carbon Nanotubes) 4 j^>Ll1I q^SLJI >^>JI 
4_^a ,(Nano.wires) 4 j^>Ll!I Ldla£j (Nanofibers) 

Lq-uij ^y&jJU jJI t (((c_J)) 1—5) JSLuJI ^1 Ljj-tij La I jlj . jl ^il ^J-C 4jHI 

<>-AL*-i^I (_y^) i)l LxjLs i4j$jLj 4-iljln <iiSf 

i)l jj-a ^ jr l^ I-LA ijJLajjjj 100 (j^Loj 4_>ljU< oVI 3 J-C. LdJ (X * Y 

Cjlla oJlC. ^,11 -LLcj (Z ^ . .iIjJI O « ill) 41^11 dlLA 

. Cj l^i-ajjj^Lxt I j I Cj I^ILa jj li! I 

* 

cjI^I—J iij£lj 3^_u£ Cil—— i-uljj ^yj. i.3a 11 J^Li- i _ r a Cjj-sul 

j£JL>o ^iJI 4 j^jLl 1I 1 c_i-ijLj V ^>JL) 

i4a^Jl_LI ^ 4 _iSLjL£Lj_U j 4 ^Lj j^iiJI i 4_if) 1 I _^->J1 (j- 6 \j- J ^ 1-iJLC. 


Ja-aj ^ jJI < Tensile Stress ,lAH cjIjL^J Strength 4-ajLla ^Lajjl£ 

ijjJb a V iL 1 ^«" a \ £_a t.<1 t^-dl l£1jL^ i-uJ J_<iJI 4_ajl_3_o 4 g j4 * 3 • . U 4 jLa 

1 ^ 1 • *»- i 1 ^ x3 , i , 1 i ^ 1 1 i f 1M i . ,. < 4 A1 ~i*\ ^ 1 \ si & j .. . t i ■■ 4 • 11 «J | 1 4^.4 

<- i j I Lj 1 i~<j~ i"i^J I Luj-c i .. iVl l^lii^ 3jLo 

w ^ 

lIjI^IAJI c-JIjJLI 4_J^_o>aj 4 IJ 4 j^jLU! 

1 ajLflja VI t4 Xj il^v jU I ^ ^ ^ul£> 

(jy i£. 4_4jLaJI 3jJ—HI L jlLa 3 J-j^- 3 j_—c-^o L^j| .jl 

^j-aj . Qj j^*li 11 4-ij1 ^ i^> (JT ic 3j^Lc. i^j^SLllj (Jj 

L>UJ1 Cjljj^La i _ r 5 4 jjj1_1J1 lLI^Ll-uV lj t,«j >LjVl ^I jjfcl j-u I 11 

3j,^^Vl^g 3^JW lj 4_uj^*’X 1V1 ilA i j iilaJI ?c-jl 




. 4 3j 4 jJI 4_uji^Ji^LIV1 

i jLljVi 4j^L Spheres cjL^SLII Jiucj: jLljVI 4^jMj 4-j^jLUI jl^Xl • 

czjljlHl ,Nanoparticles 4 j^>Ll 1I eaL^JI Jla 

^>a 4iHl oj^I 4jlol .Ultrafine Powders 4_a^aHl 2 lHL^ 4-&+*\ _uJl 

(j I IjJ^U 1 jl_a_)Vl 4 _uMj l—4 jLj C u JLAJ (jy 3Jl i 4 4^ 1,1 J N"] 11 J 1J U 
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100 J-i X i Y ;Z 4_jMid! jjL>J.I ^yiil La jL*_) I Q tu --U L^o 

dJuA (j I jJLi ^jJl>JI . («£» 1 — 5) —uJI ^B ^-A La£ 

L<,*i a ^ 1 iZj 1 .lll^ 4.1 3 A If CjjL^I g-i u i jLuVl 4 _jj^Lj 4j^jLLI 1 jljJU 
t ^Lc. <L>-4 _j^jLJI jl j_U ^>3 ^UJI ^-LuVl 4_4 jLb j Ju-ajLJ 1 4^aj^.«.I.!l 4 I^Lb 
4 j-wj L) i<" !l t~>\ 5j iU"tlj lZjVLtc-U ( _- r S L^jLoi jLSfca <<uI J JUlj 1j_Llj lLU jj 

CjI i,ii> (jj-y *-1 uj - A 3^ 3 —^VLs ^jVl jmi 3^—u ^1*4 , 4—l)ju>JI 

4j-q_aI juI j Nanoparticulate Metal Oxides cui^lill ju _uA & 4j^jLj 

jLi tu J1 Jlj_ i Cj lj_LaJI tj / ..ICl -U <2>j._* X 4 j jljLsaHsI 

jlj _t Titania (Ti0 2 ) ^LLblll ju _^I ^Silica (Si0 2 ) 

Magnetite (Fe 3 0 4 ): ju_ al lj£j * Alumina (A1 2 0 3 ) 

ioL-uj^JV! 1 rJk L y-3£> Hematite (Fe 2 0 3 ) j 

4jjj^/1 4x.Lujd _ln4 lLUj^j tg^LLaJlj 4 f L/.»j 

0g La^ jBj ^ufel i »~ilj t 4 j , U.I.aTJI jlj-I I JjtjQ lLU JU J-5coJ *4 jjJl>J! 4._i jlaJI 
gj_^u>o 4 j^jLI! 1 Cut ^yi ^jua^JI I -LA lL amjujj . CjI ~*-"i i U 

LiUj^j i CdTe JUjjJLj (Jjdo lIj^LjuojJLI aL_I oliSj^a CjI ij. i'v. 

4^aJutj—uaJ,l 4 j^jLjJ! jljJU 4 _^jLb i^ c ~ G^As ^^jJLiJl CjL iji^jLk. 
Lj^UkJI 4-£.l < !✓> <jr^J 4 <ij4jJl 4_iJji^j£LlVl 3j. ^^ 1J CjljjVl 4 ^,LLud 
g-ljjJJ Cj^L*-^ ^xS, Oj _jUJLI L^jLoljL5tH_ LM I (jyl J 4 BLudVL> I J_A i 4_J_i u A <~nll 

J^lj Drug Delivery 

* Nobel Metals 5^->J! cjI^LLII j. 4j^jI_ 1J I cjla_uu>J I 4 I 3 jljuj 

* Nanoparticles 4n n-»U 4j^Ldl ^ u^jJI jiB ^^Lij 

^p-Jj 4 d 1 «~ 1 11 4 j 1 U11 CjI n_i iln~ 11 (_yB L^jL a 1 Jiituu^ 1 j aV JlU jj 

‘"■ A ^JlBj , ^ _<-ii->J 1 f L>> c. | t i j ^jJI 4jjLLs^ i_*J l Jiaj 

DNA ^j^...aL>Ji 3- —JU_Ukj 4jjjLlI! u AjJl UjI i 3 i>> 

^cajaL^J! (J_ 4 _uyL_« jlj..l>u (_yB llUu^j t^pa^JLL 4 -LajjjJJ Sequences 

I j j-L. LajI^'l-w! ^yJj Sl^Lu^VL) 1 jla , jL^Vl ^1} 1 ol 

Aj Q »■ 1 CjU^LL 4u_!_uLjjV 1 jl^-U L) 3 ^ 1 ^LaJj SjUjuiJi >J 1 j^yC 

.4BjJlj 4jI aUI 4jJLc. 4 i-v- j\^ 1 »II t4 _j^_u^_l1 1 
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SiUjjLJl JljXl I JL# 

, d j 1~ 4r It jjLUI _j |jl 4-ajufljJLl ■ ~ '1 ^ U~.' 1 LqLc- Luolj t.~ / ill I (jl JutJ 

4 \ 1 ♦ U SjJuuil 4jj i^i4j l_)I_jSLII ljut (j^a tiJlill i—jLJI (_^3 1 Juj (jl 

LuLj_>. jjlill L_x>. jJ jjSLl! SJljIjJIj 4 jl ft t II t-ltl rtjiU"ll jjAJU J clu 

^sL-UJ^I ^JjftUK Lftjlj JJjUJ (Jlj-i-u (j^ ( - r ( i l -'>U (jl Vjl O-J IJ t 4 J ft 1 • ] I 

(.|<ljj£JI ^jLHI ^Jua Jilj l —*u <rt*i1l JLasJU I Jut L ^3 4 na.naifcull j — ±c. 
j \ -*- \ La ^ylc I I ^ ^ 1 1 L^3_se_) 4jj. t „ 1 ■ ^ • > jjLjJI Lj%.jJ j_i£L> t."< <<ijl 

^jJaj Jujj (j—3j (_jUfc jJj i4jjLstcl CjI <i mLhj CjI >na jj-ft I il 

IjJljLoj t JI j H ^ji£.j g-L^ jrtll t \ ft If LJ 4ujJnj (_)u m] 

Ijjjic. VIjla JG- 4 J u_9j_t_u 4 u I ._£jl (JJjJI (J-l^IjjJ,! ^yJ^jaJ.1 I Jut (jjJjuJ 

. <*• ^Jj 




4j>.jV 5uKJ 1 4_>-L-a_LI - U Surface Area ^_k^Jl 4uJ_^ j_»3 

(j£. 4 jjj1uJI _ilj__U Lgj j J ft"" 4__y-ol_>- ( — 4urwjL>JI ^ iii.>JI ^c_La_j_ul 

i4u-usl_>JI dJut 4u Jjj jJI f*11 jj jJ 1 lLIIj jVj * 4 j Jlj12jJI jljil (j-d Lt^-LC 
Jl jlo I jjjiujLSjo ^jl J4,u*i t ii^a J£—lL 4jjJ_9 4 a Ira. 9 LjjJlI <jl jj-uauulfi 

t ^__3e_>- <jp3 |U (juaj I—$-i_ft ^£jl— i_uj t.*~< j-v 4 C 

M ' ' • 

lL) I j !i ^ 1^ 11 J JUfcJ I (j I . ^« \ )) 2 S '">11 ^ (( ^\_)-v » L-uJ 

I Jut i3j jl 4086 jut < I U I Jut J<j <t (J^l J L^JLSlj-A JjUKJ ^ —U 

IjL^J 4urwjl^JI 4lu_uJI ^c_La_j_uVl lIiIjJlU ^K11 JJmJI (jl (j^- 

. ^« 1 » 2 — 5 (JSLiJ 1 ) 5jj 1352 jut < i*^l 1 


Lijui ^jj_ftJJ Jl>-IjJI 4j>-jJI 4j>-1_i_xjuj (jp9 iLliLtialju^^l dJut jU^j (m y£ 

j^j l < mj 4 j L>J I In 1 <i\ I 4 jK 1 1 4 j>- l < JL I jjSL) ^cu (j-® J 8 w 

j 111 6» 4uwL_u_ft Sjjj^jJLl CjIj jJI Jl Jui (jl L7 JJU I Jut 6)> 

u-ufcSLftU ^yj>»jL>J 1 ln<<ilI 4 j>- 1 i.ii»(j^u 4u—i_ujJI (jjSu luJL»j ♦ 3j j 1352 


,Jj Wilj.« 


uv^ 


))^jl 


-LAiJ (. 


-1-u 4_J1_>J1 0 j—A (_y-9 4 —ftUtJv. (j-ujJ 




uv^ 


_tlJI) cltli <*v ft ^Lau ^1\ 4ujjufcuj 1 < ft 9 J3 < « 11 I Jut j I j)Vl 
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*UlL**J*ii 


4jj-3fcjJ1 iJjufc JL^IjJI «.-1*52,1 ^-3e_». jjl JL>U Uj9 J.AU°I («l_»» 2 — 5 

IjjI 14 i^o < jj(jui cjLj^LLI ^47-1 ^ 3 c_>JI <jpa ^yjljJLjj i«8 / j-A 

• = L ^ J — x8) ^| <jjj {jA 4luj>_>U Lj7 -l-^>Vl U-i-*SJLI 

Ji-ljui lIjIj_lU ^L<11 JJ-*JI £j^-3e_ia j. I*~u ^j-Ls t4j1 j CkS^JI ( j y —Sj 

(ji_tX1 i-aajjJI CyAjfcSUU (j£- Lgujj-^o Cuj 1 <4_4jL*iI1 CjLla£L11 

L$_ l^oj 4_jJLg_->.VI 4 4jS!L> 4 lri <a~i sc. * (JIaj c~aj.>- 1)> 2 — 5) <J£ _ uJI 

(_y i <_4JiSJU 4 jJ^j>o jjl _Lij .^oLla^Lo 4^1*3 4 4 « iiS< Sjj 4086) 

4 < Ua i ^^JlI^JI _tiJl L^J Gj-Jljud ^An°i ^Uj ^i t,. ,1 t^v 1,1 — 

: c4! 


JJLJ 1, <.*5v 41 f 






—Vi 


(jr& 5 J^ 5 ->^3 


j 1. Laxu ^3c_>JIj t ill 1 4 j>-L h a 4 1111 } 11 4^Jl i 4r Luaj j A.i.uj 1 JlA j 


. « 


r-lK 


^ X 8 8 tCjlj,* ^yjLsU 


jm* 

Mj O'ji 

**V ^ 5 

^k^S' j 



io#-' ft Sill' O'jS 
1 — «C^L1 


J^ Jju J—_J^J' ■ ' 

iiji—i* l*£* 64 Jj 

(-*) 


d/i* iJ -W ^Jl 
ijj \—m ou^< 8 ,Jj 

(v) 


W-iil 

i'/vl'Jj 


(') 


jJu3 > 1 iSL< <JS> ii/ Lo j_Lfl 4 iln^ ( 1) ^la-j-LaJO py --j :(2 - 5 ) ^)^_itiTI 
ijj 1352 l 4 !,* tdjj 4086 ^jjUi i 1 i<u (j-a> l £$.~l->o3 X X ^ djL_*j^ ( 


4 I ill LU I ul AaSH I (•— >) J_y4 I till ■ 


. 4 k >j L>J I iZt. 




I ^ 1 ij 4-J^l I ■■"> a t IJ^h. I 4—0 ^Jl (i) l>Jf -2 ^ *u±l jJ\ C,J..».SU 4_jJ ->0 jj»C 

l t*l ml 4-Jw j} •*< A 4au 4 ^yfl 4 aC L^JfcS^l t^ 4i.-i.iiAJ ^ mLuiVl l udill 

^!LJl ui*Slll u>1j-lJ ( _yi£JI jujJI dj j 2388 l^_^r _L>.^J iL^vj 48 4.iL>J i 

. L^VJ 384 ^lijt I |J & a It 4 __lJWj L>J I -wl^ ,,.VI kjwjl £^4J>wd -LjI^Ljj t J—A .5 j4 4086 
^J-L>Ji (j -*3 (_y iMjJpl u I^ll 4Jj^>o JLAJ I. M J jj ,5jj 3586 L^JlLto 

Ji 4“> ^ uill llSj ,a_jJ_>OJ I -L&JJ ' ■ *<~u 1 JjljjJJ ^ 1C 11 CjL-J. 4. Iffc.-uMXl-J 

luiiill J J J-C 4^LU) 01 j-uklll JI ^u> .^,1S:TI 4 -^>u» jlJL-Aia 


4 c.j. 3 !. 1 


I !_).* 4 ; i»LJl 3 ujl>JI 4*jVl ^ylc, 5j-&LLaJl uiljj_Jl jj£ jj-fl 


( 1 ) 


i iaSLaU 4 u»*lauiJl 4^». LuJ, I 
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^ Li i u VI ic. lIiIjJlU ^K3l JJjJI jl Jlrt.-a 4 j4 ij. i A 3jLjj • 

.3jj 2388 ^c-a u~i~ 1 ^L^>-j 48) 4->oLiJI 4_uLftiJI cjI^a^LII 4_>.jV 4_irwjl_>J 

cjLla^LILj 3—>.jJ.1 cjlj jJJ I jj—*JI jJlu J i _ r s I - 

(jjSo ^—L-^S/I i_< afvJLl 4-!>j^>o (3^3 4—-lie. O-ilfi LqX. J£l£ 4. 

jjjJI Jl CjLi£UiI ^^jUsJI nil CJT -ic_ cjljjJI jjx. 4_»_ 


LJUj 


%33 — 100 X - /pa t~/ (if 1 iJaJ J_3 4-oUill t it^U CjIJL jvaj CjIj J_LI 

4086 “ * „oo J 

< 3 is~ii ( yj3 jjr- L1> . ) 43l j j—I Ju4>j t %58 — 100 X — r — iJF I! 

.3|j_5ti! 4 _jjLc1!I CjLl*5LJJ 4_ijkjL>J! ^Li i h VI 3 jLt I lIjIj j 4.^i4 

4_1JLuj ^Jj 4 _j_j1 ^ 11 CjLi_t£3U _ a a 4 j^ tt t II j 

ill]I) jjLlaJI J& LaI Zla LlaSLa 64 J-saJCJ t_3^ 

I j_aj * (4 _X 6 l_ i 4 64) l_^>-j 384 ^ If i» 2 — 5 

j A t <|J LcA 4 7 c_Ld_4_uV I 4j>>1 I nl 4 -jJLo- j V.^I 4 aj 3 II t aC 1 ,W\ ^J| <__£ ^JllJLi 
J jJ 4 jj>»jL>JI ^_La i_u VI Lr l£ L 5jLU 3 J_J C_iIj j i aC. Li^~>3 — c. 



JZlcj t_LU j_t i3j j 3586 Jl J*\ 11 LfcJJX. J-uaJ 3 Ju Jl^JI CjLla£LU 

J>Jj 3j^>>. Jl tljljjJJ J£JI JLo^-VI JJ-*JI %88 ^C_) 

.(3J> 4086 )<nLa£ll 



4£ JkJ I L— t y j^ V1 UJ1 w i)S» m.L i 4lr> i» IjJ «U^Jw4 j^ ^ :(3 ~ 5 J iti.t I 

^ ^ ^j j. t-> jJLc u_iLfaSU I I_L£> k A 1 1 ^ ,.>* -w 4j^j LJ1 ^ fciauiJ I i-~i' ~ j 

i IjJLq^jD 35 ^j>u ^_Lu ( l) 4 ‘i i * T U lIi! .i .^Tlj tU^ .U, u yA ji .t. 11 j . < l k 1 ~ 


( 2 ) 


4 i.ijLil AJU 5 j->o 4 ft i FtTI daA | t.\ <3 1 a 1 11 
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4_3jI _u*J! 3jJLaJI 3jj!^J1 l,<II j it u\ \ ^jj^u 3j£Ld jVI lx •^■UJj 

jy-^> tly* (jyjy^a lS^ (3 — 5) J£—uJI jiali Cry*- L 4 J J —iijIL*u 

4_u ijjluC)L jj, ,l>i1 1 CiLi-tC ^jua ^rU m* 1 4^3 jjl ^Lc. (J jyjl£S)2\ j^Lll! j 11 

4_ilflt* ^_3jj>Jo Coi i 4_ul j 4 Si II ^1 Jl3cjj_uLj 1 ^ 4-lAASI j-LaJ 

4uua3J! Cjl.iii^- 0t(«t)>3 — 5) _tliJI (jy 3 (3) a ai-^. 

1 IjCajjU 35 J-5tJ l_AjL^3l 1 la t nj^u a jl_u CjI i jo j -iIlC- ^jA (Jiil ^yJ! Lfcj! JlcI 

3-*-^L>. iC jLlj_l>%JI I 4 J 3_iysyjll 3jj_uaJ1 4 3 laLa 4_>- Li_u_a) 4 j> Lam 4>»Luua (J -^ 0 

yse-i ^ \ i~ (ol/iia^ jIu 4.1) 1 £i's>jS- (_jl3 ^Cjl^jjajjlj 3.7) Sj^juaJI <—>j us 

4uLo Ljt 1c. La nidi 4_>l—i_al! (JH>«J (_r^ * L*-)j- 4 IjC-a^jLj 9481 

yJb \a£ (CjIjCx^jLi 5 i J^~ LajLLxS! via lm (£.La Ju^u V 1 ^ ’/C! i4,.i «3 ^jua4 i j i> 

Jl*_JI 1 Jufe 4,1,1.lill 4jjjlll! CjL-u^kJI _5 .(«c_j)) 3 — 5) J£cJ1 ^1$ j-ua^a 
^Lc. 3j j 30 <jua ‘-Jj-Sj La ^Lc. tCjljC-a^jlj 5 4 . olj3 ^ Jt"j V 

cjIj j 3jj 3000^ ^jLi J^iJI ^ j la*! i a i d!ju LliLa t4^>.jL>J! la < »l 

l ■dll ( C'iH I jjt t /». ^ jj . 3^ji> i^afl 4 j> la i nil 4 j> 1_t all dJ_A ^3 Ju>.^j 4 ija3ll J>_l3 

^3 Ij-jjljj t 4 J 0 1iu)j 4CililL3 3.1 m) 4-j^o1jJ 3 jluj^,,4 .ra.it.ll Ciljj ^jA ^jjuJI 

La Leu < <1 1~ 3 Ju Jo ^£^ 0 ! cUju j ^ 1^7 A5^-j >\ZA\y 4-jjLi^-iAJI 4 _ua»l^>. 

. 3j_j_l\ ! 1 4j 1 ij i> l^ni. 1 .i7i l ^1\ 4jJuLojJI CjLo-uaJ I j I jJnJI lLLIj {j£. 

-> U, ,.VI ^Ic. CjljjJ! 4 1 m”i 4 u a -1 —Cjj I jut 

~ ..a ^ ^ 

iCjljCd^jlj 3 ^J] i q 3 a Cjj-i-ua i _ 7 3JI 4 jjjI_LJI Ju Jl>J! ^13CjL^>J 4_ijvjL>J I 
CjI 1 j 1 >.!L 3jjjwjJ,I CjIjJlU Lr lSJ! JJjlI! ^yJLaJ^i %50 ^e_» J—uaj 
(juiajLil! 3j^Ci1 1^11 >J 1 4JU ^3 ■.la,34 %5 4 mi ill 4 Jufe jjLsCu V L^->* i_y^ ^~XJb 
. IjCajjLj 30 ^5tJ l_4.jUa3l jjjj * l if 1 mi * 3jU1 jj^a 

Surface ^_La u 3jLU ciljj Lrv ^^L*J! (1 — o) — cJI 

jLLa 3 V 43liar 4 ~a a JlLc. Ju JljkJI jj3 CjL-i»lu.> Bulk AtOfTlS t _!—\y i AtOfTlS 

d_aL*JI 43 ^L*J 1 i~ mi ^.i-LCuu 3 ^-C-H (_y*y . Particle Size cil ± ii->JI 

jtoi-jjl a a L> ^3lD 4 j I ^1 j-i —Cj k 4 j^Li11 CjI^ujuII dJj uLxi^j ^ -jJI 

ijr $ tCil 1 1 util 4 _jjwjL>J I j*U . ..Vl L 7 ic. 3 jUI Ciljj j! Jl£,I jljju tCil ni>iJI jl la3l 
. CjLuj^JI dlj — C-J — i-A3-) 3 j^j>^II CjIj JlI! j! Jl£.I <o3 jj-^lBLuj ^jjl 
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.UJ~hT) JJ-3 LJIji ^S^~3 ‘.‘ '■‘‘ t j*-» ilajljJ I : (4 - 5 ) js^ui 
lHU jUji 0 ., ,i^4» .u ,„y «j Surface Atoms iGL^.tW a_^v,L>ji ,./vi C3 _i£. 

j^ai Particle Size)^\ .y^n 

Bulk AtOmS uj-L) lJIj JJI a* ^.~»J jL&jI l jy Jajy 

L yic. -lj_l>J| LJIjj jjjvj A t mj jI jjJ tliLi_j_o*JI jLLaJl jlxjt t _ r a^Llj Ail ^ ~j Li^i>■ 

3jjJ> (_gj_>.i Cil aA_JI ■ ^ t J_LaJI l_L^J <Lail>d.l ^jn jj ■■■-*- » La-© 

( 4 ) 

» J-© <Ua DJJJV ^ySJ (*) 

2UjjLUl ±\ 

Cj ii Ji -V- J j M j ^~) j_pG jjx. 4_lca_1_U-L>3 4 jjJoJ <4 jrtl-%. 1 1 t's-tj t" ii)l q I Julj 

CjIj jJ! -i! JiC. \ ( (1C \ i^tT\ «L>-1_ lj±a 0-iLjj 4 jjjLiJI ^lji.1 

Ijub yy-ajl iCjLj_±jrtiI ©UjvjLiJI _i_uVI tilij 

ClsLa _ i_uj UbJlIj-fljl ^ .SI j) a 11 4^ioitJLl £ya 4 JIL 0 I ( JT lc. 

<4 - 

.5!j—11 i\ju\ jjjLijLaA j _ ^1 a ls\ t t^l u^it 

Lftj-yyj S^LII ^ic. i_jLjcjVLi ^LuVI 4-jjjU CjLuj_lj>- ^L."i »1 

LjJ .4_ lalOJ Ll-q^LI I Cyj^ytJI L^J I SyLbLLU -ilj-LI £jA L^~i 1 j*i A ^J. Cr 
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3, _i_u_U tillj 4 _*jL^ Ij Ly i£- 3jLoU 4 j^[j tKjU ^-31j >J 1 

l^fcla i ii I ^^ 3j>LU CjIjJ jljLC.1 Jtjj>-jHj CjI ^LsejxI jjl-us 

^ ^ Hardness 3i^l u~k II ^ j4 £-33^3 t<Jl!ill —»_u ^ 1*3 ♦ 4^>.jL>J 1 

ti>ljL^>.l 4 ^%.IjJL Strength l$!LojlJLa Jjj>3 llUj£j L^SLjLi mij 4j^13JI 

CjLi-iJJW ,._»jl 3 ^ ^_iJLu3J (J^l_>. ^yA till jj i 1 4jlS1^J I 4,31"-^ 11 (J1 _ 

( 7 ) 

• L^jlji t- 1 j~^3 (<£.-*-~i] 3jiU, 1 

t^ il , ..~<ri <A ^ja1j-^ «<.tl jl^-U Cjl.U.i.>. ^J_u_ul_3wi2 j j • ■ jJjJ 

jl^o ^ j_V 4 3 1 «-> 0 _aj Toughness 3_jl3ll ^ 

_i n~ill i aj L3.43J Brittleness 1 g~4l 3> 4i a ^ j jlII tiJL 

jiS) cr^l 4_^oIjJ 1 cjI 3t_>Vl ^j13j o^^loI „,,v. 4j Deformation 

CjI jL^>-J (J.^31 ij (JuSLi11 l^Liijl^j L^j-jLLo £i3jj) 4-iSLpaI^ jj-uJI jlj-ll 

j3C _i_uj jljJ.1 tiijj ^yA 3jujl>. ^1 jj i jd-^3 ^Jj t Impact 

L^a^oj ^lc. 3^>Lc. <^i"U 4 _JjL3IIj 4_JL*Jl 431311 4i</> £__<u>J 1 

Nj,^ ‘^tlj 4 _l>-j L>J 1 o1jU^w>U l £~i Aj LdJQ ^L3 jj1j 3 3* LAI I 3 J^Ll^xJLj 
CjI t i i-v ^aej>- A^aj 4-15T till j ^^13 Jt3j . 4 jJL*J! 1 g <i j 4 ^1— a] 

CjI^ILojjLj 10 (jjJ La ^yJj 3jllt 

CjLx 3J1 ^Lel 4_if. a ^ic. t_)L±Jl L_A^_iCj} cL)L%_)Vl till") tr4 < »‘< , 4 

5 - * 

4X.J m a djVLse-c t 3ln^jj ^JLst3_ m3 4j^jI_ 11I jlj-U (jyA 3jl_jJl>JI 

4j1311j 31^1—uaJI 43^1^^3^11 CjIjiIj 3il—>JI j_Iol^_3JI 

tillj ^ Jtit3 —»-uj til! j£ . Jj^LJl jLjT JLjs-a 

fjlxcxJl (J-al^dd 4 j3>^j*_L 1 <iiVl 4ilr>t~) JL^o L;r 3 CjI i.i.i>iJl 



c* ( 12 ) 
-^LpJ f> 


^jLL 3J) tljLi.i.t 


s» Jurtl 


1 41 1 i 


jmi 




f 13) 

1 j 3 JS ] |J 311 CjIj 1Jl*J 1 tlllj 1 1 ^"| i j r 3 i M 'Te Ti 11 

^al^Lo ^yjl Jj^ucd^JI iJ7 J& till t3l^l /oil SjuJLii ^L__4_4 jj>-VI U3~ ijy £ 

i^> ^-4 J-aLtlll _>- £yA 4_i^^_>ii I —j-U tlj'J j r>- da— all I Cj—J j 

3jLq "3 {j-a Vju till jj i3i^t i^aJi 4 -iJL^. 4_i3^^J^oj>J 1 tZjl—3daJ \ 

dJufc ^yC. 4_l-£3 1^3- 3 tT jj J llj / tiVl ^-ulll 

.3jujl>ji 4^un ji^-U 
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4l$L1 j—AL* 

Cj 1 11 i (JiLa i4 _jLjlLIJ Sj^LuaJl 4 « a~1j-a (jVl 4 jj_)LL3I Cj 
>_ i x"*- i I a^a I yi^t In7' VLse^a ^^jj^jjJI ^y±lAyfy\ Jlj_ i_u£I 3 jLq 

IM 

jjrwl yA CjL£^>J 1 CjUljla—<_uV 4 jj-v. I jJ I ^-La_i_uVl i 3jU~> ^yJ3 lJ i—bjj 
I, v <«aU-j J^UJI y. —o CjL£^»JM dllJ J^I^IaVl ^-a-*JI 3 jl —jj 

LfljUjSLo ^joj a^Li] 4jar j~ > _ uujJI *1_IjI ^-3 4J y^>y *ju ^Ju II 

I^jl* JlL3j Sj1^>JI 413~jJLI *Ll-oL>» t^^aaj j_a L^jJaAJ 

i $"i 4 lll^ L p^LiitJ I ^yjj IjJoj dJ jj i L$j* La£ Juj_jluJ I ^^0 4->a, 1 VI j .J I Cjjj^JI 
4_alc.Vl dJj ^111V" <irfl <_£ Jl Jj< mmII ^j_a 4 j_1_i_uJ I dSjjjJoJI lILIj JlLc. 

4k4L>JLl J C-i\^yj>*\ I Cj i-j lj_La - lm\ jLjlj I (( j_u_jlJ J-±*~ ^l 4 — -l 9I j-JI 

cjI£^>JLI Of.\Ji£ 4 jla Cjjlj ^ jJI ^-a^/l *4 _iLl-o^ i LajLljIj LgJK —<Lt (_ylx 
jJL» L QA i Juj-yl I y ^ JT <~M f I j n I CjV JL1-/0 C< 4>>3 V >1J 

^ol_££» 4_i a^ ^^oLiitjl 4_Lx 

4 ar IJ jlj^a ibLual ^_II CjIjLj _<_uJ I ^llul CjI£j. <1i yA y^xj JLcjuj 

^Jj * Cj I Jlijj£LI I dJj£j t4_jjJ_3J I Jlj_i_uI£^AJ 4j^jLUI CjI mi >JI 4 3l V a 

i Cj I j 1 j j-mJ I dJj i u y I ^Idl 4^a J seu mil 4j^-LiJI cIjLj i_uJI 

cljjl jj>JI f^c. 4_>ol_Lll Cj! _a. 1 i^ill J-q_>o ^yic. L^jj ^yzjJu d IJ J 

. 4-La Ij 4-3j oj>J I 4jj^_L I 

Jj ^ jJ I dj J, 1 a 1 1 ^jLlII CjI jlj ± ^ (_j^o 4-3JJJLI 4 nlc,^ I J 

4 a^g H 4_j jc_uLLLI Jl>»I 1 4 j a Ij-j *_u JI ya { yc CjI m> ^ 

4-jj 1 i^3ll CjI _^jJLlj Cj l^jLLaJI ma>< 4x.ll i-r> 4 ^ISjJLl 

I jg 1^I jA ^l_4_u->.l 4j%_pj I (jjlr 4-jlSI^JI CjI jL^VI 3j^fcLLa 

^yz y 11 i iij^^JI L_/_Li n II (jl^ ^dl t—3-t-iiaJ 1^ 4_j yj Lad I 

^HJI i h i s-i 111 Jo JT-U J^L—iuO l_jL£^JI CjIj-jLIo ^aJa-ao c1 jjIjj>- 

j^yjJI 4 nlr >U 4j^J.I 4 —j^jLJI CjL-i_j_jj>J 1 . y^y —Ja*JI Qjdll 4 a 

(5 

_ Zi (^! jl jJLal 4_ul i>»3ll CjLi^jJI J£Lj* ^_1o —lm I L^j ^— La j~> 

4-a^l_uu ^lx Ja^Lsej l_a_a t L^La-jj 1 ^aJLgj (■ a4jj -uu^>J I 

^jI^jj l-l t.gj (_yjl ^ i^>\yZ ^^I L-AjI af I yA Z^yjy *Cj 1^ _ jLLaJI 4-jLua^ 

4j^jLJI jl^-ll 3jJ l^ ^UjjI tjt (_yJI SjLtiVI jJL>*_) . %300^ %200 y\J 
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{jC. ^-jL> 4_uLuanJI daLSjJJ ^k\ iii'vlj £J^_U1 _51 JlLqI i a~°i^ ^3 

JJlC. ^3 £>J j X 3 jhj ^ < «j La-a 4 L$jl _il *_)! ^j-ij-U LiLs ^14^1 

3J_L3J1 ^juuu^>J! ^3 jj _il jJLal ju-^j <■ 3 4j ij i^tTl 

100 ijj-i La LajJLuoj ol ij j->J! ^IjljI ^a 4 j1 ^1 .4jS^jO-LI 

( _pj| 4 j l_A_iJJL>. ji JuC-t jl -ij—J ^ ^J^aj La^I Jlc.1 tj —la^-iL> 

dJUl J,t«rft3,ll ^_J9 4 )LUjLIj ^c_» Jj I (j t1 it L*£ 4(^^^Vl <b^i> J£ J trnrn 

-c_jl~4<:il IjlA 


Jabalti 

_jjx. 4j^jLL1I djl m x»Ji ^.In <4i t 4^1—<_u^a ^3 3^.lX 11 3_jLj^J! Juu 

— ~ f 

^<a_A VI JaLaJI Lwfc i4x^jUkJI l ^ tt In_ lm I 4_>.jI ^Lc 3_jLU Cj!j j ( j-a ^_5 c_jud 

UjIj I^*jJaj 1_ a-a *4j^jLLI1 jlj) all Jal aUI 3 jl_jj ^3 j. _ jJJLIj 

4-ul jla H CjI 3ji In"illj L^alj-Sfcu <J (J? 3 <-J^£-jX I _}lj 11 4_ajl^ 1 j 

iiili,i,»,^ ^ 5LUJJLI Nanocatalysts 4-^jLUI cjJ AjJ.1 _uj iX .aih^-tl 

100 4-lL^-I jJI L^Ll-l^w jL ln4l a juuj V 14_ 4 jjiJ.1I 4_3jI_9 

. IjLil)! _ilj.il {_yA 4U 1 dJi^J 4^3 m1Vi 11 41~. aVI ^j&i Jl>- I i^Laj-iU 

Jla SjLuaJlj 4_al mil dll jLiJI £-A 3jJL> 4jjjI_I] 1 da ij a *>% 11 ditjjun* Jx-Lsjjj 
. ijjSjJI 4_>uLl]! 4 rthVU JU-uiSl Jjl 

1 ^ sc. L 4-4 idjl JjlUj CjIjI iaaJIj 4_ijj.^ < \J 1 djVj_>J,l i^3 z !j-4-u 

djLSj_ll <5 Jl 4 J O 3 IIII JL>J! ^^9 ^,,41 njJlj ^ibVl jJjJl cjV 

. d 1 ^ 1 1 a. t 1 . 1 .Ti 4 j ^ • 1 1 

4 j 4 a 1 j VgVl cjI 3jiU"ll j _>-! Fuel Cells Lj>Lx j_ auj 

Nobel Metals 4 . 1 ^ill cj lj^_LaJI o»>. 4 ^.jli^JLI 4 j^jLl 1 I cj 3^ 4 1 1 

J ^33 _ lA I JaJj . Pt u^>>Ul Jla iNanoparticles 

4j^jLj djl m i>. ^ I J-rtlu-ul Ojjua 4 j ^\djlaLl3$ I Lii J^4-%_a i—9^-t-u 

1 i 4j Lft-a t 4^Lu^j jl3 44 nK~) J^i 4jj_l9 dljlu-o ^_ya 

C_»LJ! 4jJL ift'd 4-3jj.ln-i I Lj^L>. Ll>.]Sj ^IjLSfc^ < 4,>1 jj-a 

.3 JjJL>Ji 4 al U tl a I Jl>>L^ LajUdI 
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Utf jjlnl L>-1 }j_ 4-> 4-4jL3fcjj,»U 4jyiLil! iZjI Julj L<^ 

<■ 4-J l^J jrLaJjl (j_4 ^C.jJ| ^y-Lc. t 4jybJI t" 1 \j a -W t I ^J_a d.J iJ I lILLJ I_4^-4 

iZilul flf 1 g jiln~i~ 4 o V i>iU ob-cSJbj ^f-1 ‘.^11 ^ j~ . ■■ 1, 1 ^ b_ L^>-LLI 

tZjljjJ! ^ya ^£L!I i. i A ^jLa '(Jb* iS^ * 1 ^ ^ J—J^SL 

1 jlf La Jya J—jjj 4jyibJ! lZj l^_a_>JL! CjI_j_ij_>J 4_j^-jLi*J! ^_La_ t-u % d\ ^ b_ 

^yS 4-L^jlSJl l^jl k l 13*. £_b uu'Ll LiJj 1 4 »" L^jJ H LAyyarKjj 

4_ubLuJ,I lIjL_| i~»J' i_dJj (jI ^—1! iaboVb I jla . 4_LLj_4_j£LJI cj\ jl 4 »\\ <j 1—L 
^Ll V“i 1 pi JL iC. 4_jI ^ Jju I - i Aj 1 I Ju>. 4 _jJLz. £rJr> i n I 4^-1 < 1141 ^4^1 y 4 i^ll ^£> 
j± i£b 1 I fl~nlr La (j lZj 1 jujjJI 4jy L> CjI_ yb>J.I 4 b* 4 4_ujj 4_L£ 

lIjLlxijw ^j_4 lJJJJU 4-i n 4 j i fj_Ll 4yjyl I L$ 1 u2u 411 Jya 

. ^Ljcj»-V! 


AajLjy^all • 

j 1 ^. ,-V> V1 ^ U, Z't 

i j r ^-uV2-a _il—»_ii J.J.* x^Ti\ 3 jLII jl g uru I 3jl^yw CjI_—>. jJ j— jLu 

La jif. (Jjptj L;r —rJI 4 j>-jj L)l^ *(J1 iJhH “ uy-b-a * L^jLu-l>» 

4JL>J! ^1 Solid State 4_.L^H 4JUJ! <>* ^^131 l_,_a jJ! Jj ^ 

t Melting Point - jl^LVl 4U3\ Liquid State ibb^JI 

j-Ltjj J_A ijjVl 4 mrti ^yLaj jJl JlJ 1 064 ^y A 

4-4.^. bJ I L-J_A jJI jda L-tJJjJjJ _ LdjI J-IJLJ J-4 4 4J 3li d jl 


uu S 4 .l^»- )L=»hJI 4 jst la.i ii j 4 j>-b u a 5 jbjj 4 jLi_ujv jL*j 1 




L>*^ 


Li-4 




JLX^J 


4Ja^yL*JI *s/ii 11 1 j_a c>j _iiiLyo 4 _jL> d ^5 — 5) JSL. 


jl lr>4 \ jLajI i _yj b 3 4j L-uJb JJI j_la jl ^ 11 4 i dajji 4jJylaJl 

c-aAjJI ji^ xs~i >i daLij 4.4 j4 ij\3 iJSL. i^Jb yjt . 4jLij^>. 

1 431 ajj i"v- jLbal jL*_ii j^uLifl i_ a~-Lb i_i 


AJt i 


4 j^j_4 4j>.jJ 500 y?c_i (J tdSU ! i Lb ^~r 1 & Lc^aabj lIj L_iy*J! *AL jLba! 

/^^jJLayib 1.35 y^e-i e_i_A Jl 


—> 1—l i r 


jLbai i jy U lj3 4 (^yjLj j_ 


^y3 4^3 liiteJL I jLbaVl CjI j i. i A jJI CjI >j ^ iS3^ _Lh^ ^ 1-^ 
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LU liajj 4a>l_*JI dJLib • *•- _ ajJI t- 1 I 

njj[2.^3 j. j a x<aj ^ps 3 jLU ciJj 1 ,i*i^ {_y *\^a ^_uCJ! (jl^LoVLi 4_j I 

Lg_utbdJ 4_J_ i_u_jj^_ 1I 3jLLI i j r A jlj^a 3 JU1 l 3j 1V“) ^1 ^jJj Lc-<o tl ^1 mi% 

La >123-1 Cj \ n i s\ H j ^juot j) ^ 1 i ^a ^jX. (. a 1" ^3 <2*— 

^psj 1 3 jl.,^11 4 j■>.jJjJf>jJ I d>i fij >Irw 1 \ 4_*_3j - lajjI ^J] I J_A^ t 1^. 1 

Lij>»^Jj_i£1j ^i*ix U£ L^JJ l ^xoLLc. jji ji^- 4 i^aLi^i (jjjj 

4_j_ luajjjJI 3jLU ^yjl JI 3^La i—a 11>>" 4 j. k_il3~ tl jlj—II 

• Uj l^Ip- j' ^4" 4."* > i r> l^t J 4 I *~» I 

^paaLij 3 jUI ji^ i "»if Jq2j ^_ia a i T\ i_ < t<&l^lr 
4_aj>-jL>»JI l^cr.tn ,t ,441 CjL>» 1 4 4i a ^ If. 4jjl_LaJ! SjLjJJI ^1 L^jI iij^ 4i^ijL3^a 
. 4 Ac. c-4_il^ 1 4 ^ l-a-ajJI j-la Cj I j j «- 4 <_a >42^.1 j 



jL^a it 4IaJat) Sjj^^ Ajvjj J/n-j >Ir» ^^211 <LsMjlII ^JS>aIiJI Ib J_L« = ) • (5-5) ^JSLuiil 

. ( VI j 3->J. 1) 2>L j. !„>«,) I uilLj jllaSl ^aLuajlj ( L ^ljJI 4 _paJli>Jl u-lAjJ 1 LJl m ,,,1-fc. 

21 i. 4 ..I >■ 2lj j \ >c ^CLI I jj <yi }I ^-2x~4. 4,4* > JJL 4 *4 11 11 ! ojjh Jj 

_l 5 ajI * i * >%T 4 4>jljJI ?r In 4»iVi U~ wjIjIl! I o^Jb > .* 4 44?i j^Uaj jjA j^»>LjJI 1 4 AdJI 

(4) * 

4j jVI 3j 4^j J 4 s 4.^ 1^44) > 1 A-LLy <LcjLj^ 1 ill I I ^^k JI 
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imAk 


Ajj m itt L ^aljp i JI * 

L^J J> J I 4 c^l I yA 4j>-j,-C _<_u Ld ^1 4_i3 L-oVL} 

f. 1 4 1 t.l I ^ -wLJI ^UlAl ^lc, JI jl I > ill" Cj jj Tr"i fan I .1 34 iAjjjUI J l^_l 1 

| 4C^_L-<-d I y-*£- IjdJ I I 1^-La_) dJ Cj Vjj *^jJ I (J Lj&jq ^3 (jda LaJ 1 

L*jJiLd_> 4 j^_u6=l_J I Ijd 1 3l~r*M C^ - *- 1 J IjJ, I dij 1 1 " a 1 

^Jc- > » jjjG j! JU^aI 4_Ju-AJ lU ^-u.1! ty-A$ . CjLljjl^JI Oy \j& 4-Jj 1 3 jJI jljU 

t Optical Properties 3 j 1_d 4-^^.H j_>J1 ^ m*"i ^1 CjI_^>J1 

.3jUI ^ L, J Light Scattering y .j ddl jl L^Loj 

JLJ^J ^ 3 i 11 e-fcA jjI CjLlj_i_>J tjlitll Jji < i\ 4 

j^SLl . 4 ^^jlj ^ jjl J 3 1 c:r i_A jJI y£ jJLojjL 200 (^ 1 £L LijlJsa^ I 

L^jL^ i IjJdojjU 20 JSl ^Jl Cj li j i~>J 1 <5J-4) V id) 1 a 1 jl 

CjI i_u_-k 11 j^Iaj Cj 1 11 j- 3_}Lj £_>a^ _ lIj^ I A-c-)JuC. 

^c-j 3 1 Lo^j dJjj ^3 ^Uj^dl j> * J-dVl 4_3l lM 

ufcjJI CjI ih>. j\. * \ \^ . La j 1 L 41 jl_*_) i^Li, 


lL)1_*_u ! l!a_i 1_o j <dl JJ -<"tl 4-ajLil CjI Midi d-lj 3 j J_£ 

j_^lj3jlii3 _d <■ 3 jLj Sharp Emission Band ^jJLI 0 

.Broad Excitation ^jlU 

4_l3j i L"i 11 lJjV Lrtl 1 ^uAl JL>-I Cj L^ i <rt t Hj Cj 1VI ^jL^t-o JlXJ^ 

4j^-uaj CjI _j-i-^r> ^ 4 ^4 - » o j^yjJ I 4_ jjjLIJI jljJLL) 4_ua UJ1 

< A jJl 14_Cn_3J 1 CjI _ij i>- Jjud t(_yJj^ 11 ^y_ Lr. 4 _ojL4 3jJ_ ~2>j 

4.C. l i JIjJ. I 0 JlA ^ JL5tJ i_*iJ <■"■< l ->> 14jJ->LU I JJJ^J 1 t ij >L) I dJ 

jl31 <tl CjLc, 1 <H t( jiy^l f. 1 a <j >1 i~ T1 4_nj4_3jJl 4 _jJLc. CjLIiLcJI 

. 4jj Ju>J 1 Cj Li_i_u L>J 1 j 


lu- 3, >y ,# 

3jU1 CjI mi^. jLljI ^j-ojjL 5-& If LK I jU^. 1 y *ijLl <* U 3jd j_ 

4jwL infl CjJuI^jj CjLujj>J I dij Cj^ju^s 1 aKj . ^.njH it 11 p^—LidJ 

3j^ Cjjljijl 1 ^ K t^t_La_dij (jyd CjljjJI i Ir>_«_ul 
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1 m I ( j^s l^_>J I l!) I j 4jjj LU 1 J I^JL 1 Juljj . 4j l_l_i_I I 4_J La3j 

3 J iJI 4 _ojIjS CjI—< iijlnl i*JJ ^LLil ijr 3 J jlj_JU jjl ts\A ^v—A 1 

(j-3_ l-uJI t4,,o,V tr\ II ^u^J\ CjI jJ^JU ^^3 4_<a Jotl_«_aJU 

4c. 1 i i^a ^3 4o . i.jUl < • 11 4j^jLD1 lIj i i^ i~>JI Jo 1 <S . 4Js^Lo_*J I 

t^rui^JLi jo^juaoJi c>y ^>.I 4c.Lii.^ ^^3 43 jJI 4 1j 1.3 Sj-^rwVl 

3^>j ^ dJJ Magnetic Resonance Imaging (MRI) ^ i^ikLUl 

.^Lc. 4 jk^» Medical Diagnostics u iLlt 


JjJ l>J I JI JlC. I 43 LU I J Ij XI Lji.ii.iA ^ Latj>. I jJLud ^_ 7 _A Lu ^_j I 

4-3jL3JI L^jjJ3 fjyS jJjlaIj 4-iJj.^‘C.H L^-uolt_jL scjVL) 4—j m i->JI 
3J^-h. I 4-C. \ 1 4 rf"> ^3 <jVl ^J^LU I V V"l i AlJJ . jLpil (jy-1^ 

. 4oj Jl>JI 3J^»»Vl t <1 nit <i > 4-j-)j}jV\ fVl jolj-AJij 4-3o3 jJl lZjLl^L_uj>J 1 
jSLa 'Laa iCj Llj_uL>J Ij 4jj 1>J I tJul I CjLjj^5v a 4c.LLud tjr 3 43ll5Li ^ jJfcl_i_uJ 

CjIAa-oIjJ.1 4-ULc. ^jjj-JI 4 o_ioj>>. 3J^jv I ^Lljj ( j-a 4.ir l u.^tl Cj Ll LLa. 311 <5 j _ A 

. 4 a LC~ 1 1 4 t n-y- i & 4 i .■ A 1 i ". A j TI ^ 4j^ i 4 i i 1 I 

^3 LAjojlaj ^jJI 0 *s \J ->.11 ^jiajui UIoj (2 — 5) ^ Laju^ 

* Lj 100 J^l jl^JU (djLi-ij->. j_i4_uaj Cy~ ^titU CjLteoxll 

4j^jIjJI jI^JU £fn Vi ^aUiU ^' 3jjjull 4 l~i^Vl dll" LU ^ 

^\_j|4_L-aL>JI 4-u< 1 1 I i "j L^3>LcLaj (jy^J 1^ Lr^ 

^c5Lll l£LLLo^iiJ jlla] | ^_ r 3 4 jLb I jJ . L^j^Lc,Lajj 4 <±r*z. t s\ 11 ^L_u_>-VI 4 £j->. 

L^jj-5t3 ^1 SOjIjJI 4j^hill dllj ^yli- 1 "°J *J 4jLo JJ>4 Jjuj 
JLC.1^3 4jIj^-Lsjj 3. Lall jjllALT CjI jL>o] 1 £~i iac I tdi-J^Ao 

j|^l,| LAj^1j.>0 ^ _ill 3Jo-4lll (jI l_i£^JI J_33 1 4IljJl_>JI _jjojil! 

, l^jl ii.i> j_i* isCil 5j_tiLj_43 4_ai_Lu£' i 1 $ -*• j j>>jj JjL^JI 4jjjLUI 

4 _i_aI_lLo Ij^jUII czjImi^U dllj Quantum Effect Lr ^J\ j&ij 

4j^ kll Ll3j dl__Ijj iJL-aSJIj ^^Ij—^l dllj ^ 

. 4 > d^I£L 1I jt_3t_i-«aij cj^L>. (jylJI 
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4 jS j_u^LSLJI 1 In^- ^jUii CjJl^I J_3 4ilLaVl uLUj ^J—JlJj 

L& 3jLU 4 -jJ j I L^ljj 4jj-Li_ 1] 1 CjlailiJLI JljJulJLi 0_LoI (j* *>- 

c^ 3 ’ L^jLa-i-uJ L$a-o!^w j-uij Clil jS^ tA l£’ 4^l^c ^ 

4 5 JLC. Cj 1^-i >" aj ^C. ^ 1c. *. Llj 4" tj l£ <■ it 1 *j -3r-~i t^iini ^j^£Ll 1 IjlA 

. L^jIjuj^-j 5 jU.1 jL*_)I ^u^Li-oj SjU.1 JSLi^j (JjIjjlII <■ .aj^j L^J-u ^-o 


^-3; j uLxim i.i>Ci 4 i fljS -£-ua$ J 4-LLal :(2 - 5 ) Jj.L>»tI 

.jJLojjlj 100 qj* Jii ijjSuJ L^il ,, jIjljI (J-xjjLS-o I (3^>^ L^jpLaS 


J* 

.Cjl^LaJL) 4 jj^£JI 4_c^l_ail ^3 3jljj *4_j^_)LiJI vZjLi£l^ilj 


Electrical 


r: 


.Magnetic Coercivity 4 j,,mUL^Ii a^UIi s^Ji SjLy . Magnetic 4^JoL^JL 


^ Toughness 4_;mi .Hardness 3 jM_^i ,>- 

Plasticity d —»^_iJJi ^ — i.uj> > .ijyJuiJi (.iLL — ljJI^ cjij —UJl 
. a ji^iji 11 dj^jal^-j..nil jl^Il ^yjs Ductility > ^•*■..ill dJjLaJij 


Mechanical 4/CLl^u 


- t- 


dLi—iii 4 xaSLH SjJLaJI j jjJojj 3 jl Jj 

.Quantum Efficiency of Semiconductor Crystals 
i Biocompatibility^.^J^_uJI ^—j^oo 


Optical 4-^^.il 
Biological 


4_jj>-jJ^j_J I I j j 4-j ji La i 11 3 j_L9 3 jLj j 

Biological Barriers 
.Membranes Ji*) ^L^ii 

.(Blood-brain Barrier j_lL j^UJ! 
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6 


^pljgLuYluLudJ 


( _ r lx tj-uaJ1 *1_SJj J-a I— J^fa I Jl J _ ju 

j£w«u Laj jjLUI CjI nj iU“> jt_«^La 

CjljxSj A-^aj^X JLaj J-a Aj^ <» ill 4dS>) jt 
ALiteIli a .a jl A ^ t.idp C^jLi A3^.ar A_ij>.^J^Jf£j 
LU J\jj jJLa « Aj cj Lp.^;CJ! ^Jlb ( j r 3 

Lr^O-*~ aK^IxJI Jl 

(Jj^j (_jix -3 A£^LoX 4 _jj>» jJ^_i£j 3jj-J 

A aia^ ^1 ^c-Aj J_a A_a}L>.I 

AjajLoJI JLxkVIj ^jJI Jx*. -*-4——<-“ 
^^31 jljIjUo !jj_Li3 aLaJII aJ_^u jjj_iiixJ! ,J^L>. 
L_3l_ AaJe ir>H AjIxjJIj L-ilaJI (Jl^tja 

9 

A_1jL^J! CjljxiaJI ,^yi _djj j _SLlU 

l_3j) i i ij i«.1jjJl Ax.Li^o ^!La3 1 ^ <7 <i~>j 
CjljpliJI i-dij j-a Aj_u^Li_uJ A_a^JU LuLl>- jljJj 
Cj'^L?e_a ^3 jjLlII 1—jjvjJ^- 1^3 IfrdXJQ I 
(. n llifc 4J 


L^iLvj 4j^_iij_j I Xi i aj t a_j_u » 
>" i if '-i t ^jLUI I_-!■>• 3 J 3 Su *~a 

a a.n ji_^ 

.. . r \l" II f j's. e, 4 ■ 


£> n 


l h J —f 

4 ~, ■ A ^ lc 1 j I i~J " 3 3 J l_11 

4-i.i Jl JISLiIjIj t-jLaj 

3>**vi <-a^ijji 

<".«ll I A . 1 l l *1 1 j I I 

^ J -J3L3 a L-~ \ y —X a 1 ^ a LrtJfc- I 

n.~ ij • fcQ 3 I 
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* 4ujj) In i u I CjLjK 'v ^yjt^-us^ Jj i .1 JjUfc_a LiibJLv ^ ii^aj V (^Sdj 

L _ T ic. (Jii» ,jl jj llvLi i^JL>JI jJb V <li>s^La cA aK 5jjt^ i ua 

j i ii~ nJI j‘«i i L^JWl^j ^yjJI 4allI CjIj Jljc_jJI ^jua l_LaLai jJIj La 4u 1 

. 4 3j3^I Ij ^1 ->i!I £JuuajI c-j^jJLj ijJ-aVlj LjJI J/u J udLdJI 

t 

< t<~i Uj 3^-«J1 j_j ~ l iII Jadlj ^IaJI J^Lb V} I -LA 4jj -mm 1.1 (jyJ Lu 

^bll SjJUj j_LsLit^o 41x211 Jbj^Vlj I < ,„A’il jLojl Jjxl 

j Trfj ijj_a_>-VI J^jJI jLajj 1 4jjUlJI 4 mi 1! J^ULUj _dl 4^>JLuaJl 

4uJjVl VI 4 4j- l .a idol 1 4 i tlnll j. jAt ^♦ 1 1j 4j^jVl 

Cub 3 ^_llS CjLj Ju>oj ^-blit-a ^j_a dl j i 4 jl3^u-Uj 4, 1 1 L>J I 

♦ ^uaill QjbJI t.fMdOu.a JuLa 


4J^JU 4j jlCJ L^CaJJjuj jjLjJI La^jJj)i£kJ ^lj^Iqj ^3 ^-?r u ^SLJ 

< <e \j <^Lub 4 _uoL>JI L^JuL-ujj L^jIjjI 4_iaLc i_3julj Ju V t Lfc^j 
OJ- 5 l>' 0 j' LgjjJ cl) -0 cr^ JSL-I^ *3jbl^JI LgjL^j-seua 

J I (_j|^4_u J^jat>a — jjj i^"i)I <^C, I — JIoj i L^ju^lajj L^aLlBcu_d ^jL3j) 

t^^aLtll LULl JjJj t 4 _ij^jl 3 I Llljj CxjLl i(j\ i ua U.I (JjAu^JaJI 

j> 

Lillj i5v 11 4-J^l 1 Unrf-ltt clj \j^i}\ LiJVjJj) l£kJ (JJ—& Cy* 

4_ild*i]l CjIjjVI J_ lm I ^U3l 4a^jtJLl <_jLi£. l_aj 


1 il I 


^ n 4 J t J L In 4j?c_p_l£^ t 4 _oj L_tJ I Cj I Cj L^jJtx ^Llj I ^3 4uLLjijJL I 

I -LA • <-J^Jj>JI Jj-i UHj j- Cl 1 j 1 j~ 11 dlj J-Ij^TJI 

Bj^j Jj I Ju I {jj 4 jk \jL 4j La {jj* I Julj i lad I J- 4 - 3 1J ^ j IJ I 

Cj I j 43j^d I j l^“*w I ^-joj 3 JlALla I ^ !^--»| Jl*j dJ jj * 4 , .jjv jJj) 

b 4 d3 Lb I » |CluLi 4_ajj_*_l |j *1883 ^ L*J I £jjQ b ^,3 4^>-jJjJSLJ I 
Paris Convention for the Protection of 4_mLdaJI 4-iSb.U 4_>U^1 


cCjJ^j ^ 1 1 jl_a l_Lajj i La> 13 l_aj Industrial Property 

intellectual Property «4^^311 <Sli\ 4jL^ <jrb1^» ^1 c^b 

. f ^ 

CijT Ll 3 t L^j ^cJ-fcdJlj L$~ < »jLa-4 ^Tr hi ij Jj tdlxL (jyj Jl ^b l^a^LsbJ 
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iCjljJfcLLLl dJ-A Jla lj_a^_il Jl^ JjljjVl i_jj-*JI ( y^£.j~i : r 11 $ (.\ al* 11 
01 4j I 9 > j| (^jJI ^yj-AjJI 4 jLh^J 4-ajLi-D O^-d^-^ 

) 4_u^*J I I m lia-la 4-3^_*-LI 0 -jI£” 

CjJJj ^ i K Ij ‘0^3"^“' j' (jj^ — Sjljl < _y»jJu I JlA O^f {4-1 

<“i , » i>) Ij i ^la'a-U l — >-j)“i n a Li0*^ 1 ^—=t-u-c31 40jjtlI O' ^—II Sjl— ay\ 

Lflla ^y-\ till I Jl C. La-f-3 — 4—a , 13~JL I 4jjw^J^ j£uJI CjLjIIjJIjj CjIj _ 2 ^l _LO I 

jl O44 3JQ -*-' 14 — 4 3j 4 -judL^ CjLc.1 jjus ^lljj _ mVll 

til V 4jI Oil JjlJI 4_i-a^L>. .^j^-Lj jl 4_L—<_uI ^jjla qSLoj 

. L;r 5jjillj ^al* II Li-^La^ jLaJ ^ t - l= ^3 III Lai Jjj n-*" Oj- 2 jl-Lc-' 

4_a 4 j ia" TI (JjLl^jJLj Cjl^jVl 4jjfcLo I JlA (JjlHl«_uj 

(JjLuj i La_A Qla i *>4 ^Jl djljj'i/l lLUj i a, i. 11 ifLaj 1 4jl Jljj . jjllll 1 j ~%-j 'j 

.Characterization Tools JjLu*j>$ ^Production Tools ^LLiVl 


jlajVl JjLmj 

t 

^tj-ll 4_a J i .ill O^-Ld 1J 0-° J^JjL*JI JO^ 3 ^-J-II LT^* 

4x.j_<_uJI <3j^_>JI 0 43jLaj-4 CjL>.jJljj LgjLdi (, flhir^ 4 j^jLJI jljJU Qjl V“)j 
l-jjJI—<_ u VI o ^ 4 0^1 c:<-^ > L^lj^l pSLaj In 11 $j_a op 3 i4__4J£i]ljj 
La jL*_ii jjj^lll — 3jLL' uLrv ^-jJLuaj ( 1) |CujLj o^j-*^ 4 j i 2ll 11 

4 ^UJI 4-^lJI o^ 4 j' Top-Down Approach Ji—,»Vl ^1 ^^Vl o^ 4 

^LUI O^ 4 ^LljS/I jj-u—. ul a& \ Jj)t i^ill — SjLII C-jl_ CjIjL (2) 

Uluj .^k.Vl ^^Jl Ji_^Vl o^ 4 Bottom-Up Approach 4^UI ^—II 

( # * _ f 
ja 1 ^I — O^dI lll^ ,^3 LlA ^, lTr“i tOLI — ((4 A-dJI» J aj 

0-a 4j iiiL^Vt SjULI CjLj^_a ^_Jl 0-^^ «^LaJI» j lkiAfl oS^ _ ^jSJI 

O' LlI ^uajJ * 4 j a < 41 “ 11 . 4_a^a ill 4_djLa CjLl_i_lj>J I ^ \ diLjJ_^>d ij 

4 j tt n IjJLui I £—13 (Jl*-^>. tOA-4-ti^LO.a 0^ , ^°l a t j < ft 11 Q\jj1 < »VI 


r 


Lo^Vl jUj! 


4j^jLl!I ,2Ijil 


J^S JjVl C-J^l J2\ 


j \ C-jLLq 3 J.C. La jLu I ^u^jLd>3 £^li" tJ7 lI I *4 a V t*nil C->1 . i j i ~fcJ I a j 
Q.1»V> V 4-ajJtl]l 4_3 jIO CLiLjj^lv ^1 l^j tCjljjjajjLUl O^ 14 *—3^^I 
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*riUJt 


(jjJb I J _it .jJLqjjLj 100 ^yC- <J^j CjIj__1>qjjL» 4 x i^n L—AJjLtuI 

^^ltl 4 jjIjJI 4_ 3_ij-La-ll 4 jjjLU! jlj_U ^Ijl>I <- _iji_«_u I 4_iB ju_i_uj 

* Ltfjlllju* JI 3ALI Cj!j j ^j^a t jL*_)VI 4 j^jL» uUj—ul>J! j-4 4 jI JuJI jJua 
. 4jlr Jj is-i ->J I l_j^ llnl.I Jv i’ll!I <_yk 13 ^ -axjj L^j-uju 

UjjJll ^J-O J J AJ U_>jj i_yf iJL>Jl 4 t J ^ U 

j-aVl teJunJaJI JoLajj i —)j j 11! ^jja Ju^ic. 4_i 4-■ mi) i4_u^L>Ji 

jl J-ll Cj i Lj £ ■ It>34 Jl>Jj c_i^J_<_u 1 ^Lui 4^3 V jJ! 

4. lAL a ijr^- ^ J ^ “*•"*^ 4-flJ^>-Laj c-Jj,h i,il I Jlajajj . 4u^jl_i_J! cZjI-tt" i tlj 

Jbtli iS^L alt (jyuLgJJI J ill I t_ij__LLaJLl Ij >,H 

J^kJI ^jp3 i^aLc. 4 ->». 4_J g.**! i 11 (.JiuIfibjJ ^<uj < u ^ jJI ^ 7ti t Li~i11 

iJ y. LLudJ I i^ill ^yk ^jUJI j!^-tl ^LjuV La I jLStj—_i_u I j Uljfci i"i I 

1 (g~< ->iJ JLu i 4-aLc Q » ijr^ 4J —doj-LauJlj 

.Mechanical Milling ^L-Jl SLis^L - 

Chemical Vapor 4 -uEa/^ll 3j 3t_)Vl c^i_ i ..^ *> d ^ j ^ — 


.Deposition (CVD) 

Atomic or Molecular oLl^JI ji culjj _ II i auCi 4_3j^Io - 

. Condensation 

.Electrodeposition c - 

.Sol-gel - fM^JI 4^1® _ 

_LaJI oJlA —wJ (jJ *LjSLI I i jy> (J./.^ijIl I Jut ^ 

jjVl t a lu■> a 4 jjjIuJI j!^11 ^lL^cu Lsj L^3j£Lfl 4 _Lj 1—uuj {jj* 

. l^iiaAjJ {jJj ^t_xL>oj 1 a 1 /.iSJ lj 


JullwVI uj^IluL) A^jLJl jl^Xl ^Uuj 

^al i n-wVl ^Urjvl^j* 4jid" ^L^HuL 4-jjjljJI jl^U ^li»| c_J^L-uI JUu 

J I ol^ItAuila 3_UL L^oUsej>.| J-uaj 1 ^nj-v-l-tu^aj 3^ j11 

Cjl^U-ajjlj 3 JlC. I_tjluu I a 4J Ij «>' dj." A n i 4l i 
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11 yL^d 

i Lol JL scZu ‘ - I j.~XS?l *_j^J_ jli 45^_iIj 100 jjLsfcjj V 4 ljl4 

- LMja Cy* J ^ CjI j4^ £■ Ljl ^yic. 4 jjJl^ ^1 1 j-ln i dJJjj 

4 i i 3~> ^4 iJajJj . L L^I^jI i aJuite,* ( _ y lc. 4 jjjLL1I _1.1 

3 j^. ( _ y lc. 4 I jL*_jV| L#—i-u-jlj 13 41 (Jjjy-dlj cjL 

Milling ( iJ y£Lijl£Lii! J^se_<-uJI) t _^j.)l < CjJ.l ■>■ loll 4_3 jj»L : \$ I-lj ^-c 

Laser- 4 _*Jl,i ^I_l^L jOJI 4 -3 -i^L .Mechanical 

^ puttering 4_j_^1£JI 4_^JL c^ljjJI 4_.Ablation 

Thin 4 3 j4j 4_3 j to 4_j^£La £-4 L^jJaAJ CjIj JL .11 ^4Qt-*i3 C-4_-ia- — 

J 3 -*_Lc jjw eLcwLu^/l oLIaaJI djLA c.Ij >» j .3_il_ll Layer 

CjljliJ! Jl>. I C+j-Q* — c-l Cj*> or j . 1 L 0 L 4 -J 

/O \ ^ c 

- 1 4 ^ / <a > to j l"*- j I ^j^c.j 1 ^ 1 f*J) J1 (311 j Lcp (JLa i 4_Lq V Ju 4_Lo Lid I 

lH> L£j_1 4_jjjL> _}Ij_ 4 t _ y Ll Jj) < «o o-11 4 _lC-^J I 4_JL». 4_j 1 jJL> Jiadl 

4 to CjljlA ^>1 jJfcTu nl 4 jI_3 .CjI Juj Jl-l^J 1^ .CjI Ju^j ill ^JLa 4_)J>_1_S 
4-Jl^JI 3j Jl 3JI L$J jj Ju^j I f 11 jLc. (JLa 


. l_3e_>. I 


^jiKdl ci. 


4_xLui _>•] c-Lul ^3 tllLj .4jyl3J! .ilj-aJJ 4_xL^aJ 


a a > y L-. \ 1 4 


I . H ^J. 4 . 




<)1 


Mechanically-Induced Reactive Milling ■ulo.Vill ^LH 

4 1 clr^-^- 1 1992 ^ L*J I ^—II 4jyl3J! olju/Odl ^j-4 4 _jjjL CjI_■lii'v 

4j^jL CjL_i^>- _jjJ ^j-o Oj-a JjV 4 1 4 C ^ -ij^3 t - r jL^>-ll I JlA t_3_ Ij_a 

Clil^j^Ld ^>c 


( 3 ) 

4-fljJiJ! 3 jI^j>. 4j>-j_i TiN ^j) -ijL-p. 


Ljr ii2. Jj-ua^JJ jljJllI ~ (3" 1 


. j^LlII I y Lc. 

II — to 11 4_l1 0 C j Li t-i^ 


^C .II ^j^Ti 01 11 ^If IjLVi il ^3^-taJI I .4 _i_LJI 4jjjLj J^iod .<.i^4 

^j-o 4 4 V <>> CjL 4 ^ j _jin>) ^ If 4-3jL3JI L_^jjJl3J LiJJ3j ' w 

^IjjI ^j-4 4 ^.J )"i 4 CjLc.^4JcJL 4^LjCJLI 4jjj\_1J| ^jLl_LJ_>JI _ i-U-A 

{jj* J i^oaII I j —Jt 4_jl Jlj ^3 ^^3 i (jL) uj — null ^ i~~ , l 3~4 I jj . _ilj — tl 

«■ L;r ^jK_iII toll 4_ajj_La 4 j*v j iK u Ja-mi4 l_jLjSJI 

Cy .j Solid-State Reaction 4_d^JI 4 JUJI J^Uj ^ Cl)j_ ^ 
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^iUf ^**J*^j 

{jjz i—aJL3i3 4_aj)t 1 4 ujLb Powders _i_u^a jj£l ji ^/Gj)La 

Jl33 1 1 ij-tj I 1 I Jl-A a t,sy~tj > Aj ,,.j . L*j VI 4-j^jLj 4 ,Oj3 J> Cj 1 i j t ^ 

dJufe 4 In i-uljJj-aJt j 4_jjjLiJI _51j_L 1 Jj_od—ud, 4 l~i a I i 

J ill I O ! j 4*C i i. LaJ_-S ^ 1 < il "V I (_jJ J L^L^nJJ fCL L-O-J^j 1 4_4j^_LaJ I 

4 I _i IjJ* 1 I g*i il I Cj Li-ua I jpa ^^Lu _5 Laj I j 

■ 4 c lUjfcJlI 4-i^LLuajl 


i gSuLi\SJi\ 4 j \ rtl • 

jJ*3_<-uLj Mechanical Milling u ^nlS^dl ^Ull 4_L^Jo juG 

3jXj 4-«JL3tj_4 j_4_ujj^JI Ball Mills ol j£J\ 

CjLlLqhC I I (_lU i 4.J 1*1 V 11 i ■ ■■ -a CjLlLjjC ( _- T ii 

^1.13tl i UI jtJjlj (j I <j^a ^u^jJ 1 ^ d-*d J^Q < Cj La 1_5 -l] I j 


d . S *w 


4jjjI_LI 1 jlj-U oLj-axv t n4 ^Lijl 

(4) 


U>iJI (JjVl J—djJ! CjIjJ— lm (jl^ i'' ^ L;r ^bU1 (y* CjLj-Lij 

(j-* ^ 4 _ 3 j^-LaJI aJi^j La 1 ol AI LJL>> , 1 g JuJ j^LskJI 

4j^»LU 1 jlji.1 OLl-l^. t j_a 4x.J) Zla CjLIb ^L±jI ^Js L^/nIn^3 4 jl3j 3_jLjj 

. ^£. 1 nurd I ^jILi * 1 XI 

1 0 J* MJ _ilIjJU ol.Qj / ny. J )-*-1 ul ^yfCx 1 ISLJ .1 ^j'Sr Inll c_JjjJ_<_ol . V a~i 
L7 -Ll i^LajjllH —«aua ^—II 4 jl^l jJI L.^l i ll>. qm — jjLIqj J ^ i-n^JIj 

cJdLUj .High-Energy Ball Mill SjjlIII 4 JU cj! 

4<J .. .< ^j-a 4x.j i <^na ^L&^^ 4jl^la ut ^j-a t^Lc. 4_j^_>.LL^JI 

(jA>* ) ^^,.3 WC -- <itt Ull Jlij j£ 3jLa ^,1 ,.,4<i3 — i_AnaJI lLLjLj —cu {j-A 

i~uJ ^I ^ ^ a'x-.-.i.u jl^JU 3 jsLU CjLojj-uJscj ^jsc —Juj — CjVUJI 

^yA JJlC. L-dLuaj i3^UI L7 _Ll ^C,yt ».lI jjyzv InJ 1 

j 

4 1 ^ t “*■ U 3_il_L1 3jliLi-d> 4 oj4 (3>^ 4 ^ !> ^ 11 

(1-6) (J£[ jJI I JJt ^LajJl 3_jL_a £jj L yuAJ {j-A 4 C.^JJUXA 

4o^4' ^^-3j Lyi** a pLcj T.il Ijlnjln V" U mj 

. 3 jUU ((^yjwLLaJI Joj-u^JI)) 
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l£aJl§ fUll M 



I h i >$£ J-4JU wJ-i-aJl J_4 k_ll j£ A^ jA>w a 


m p 1 1 » 11 ui 11 Aj !^la_tu I 

L^ajk hi ^ljJ.1 ojULj^ CjI^5J Li 

i_> > * lull! > *.Ll4 i H 
4j^£il A-i-*^ui Tl i uAaj i jA 
ii>i in jIjJ. 1 5-iU.lj OljiJI ^y» 

> i-l^aJl 3 -lc Ls 

LT^ * d “ ‘ J ^ 

4 n ‘ila in j-lm-1 jj-lj 4 ~i 


~a \lj U. ...t LJb^"i >i 4j JS-.-L jLjljVI ^ t-> 11->p —j :( 1 - 6 ) iuTI 

t a 4 ^,-Lc J j*^ t i ojU.1 Jy* niT -U ...jg J-cju ljI^S L;r U: y»L-aJI 

(^) 

iLj^jUJl 1 ^jLu> 


L$j Jj->.jJLl ^j-^o 4jljla_ _^Vi ^£jju>. ^JL4 L 

^Lfcjfc.L) (JjjlojJ! C-JJ1 In II 3jLU 4jjJb 4_LoL>JI CjljLiJI Jl^Lj 4_ 

jljJLl ^Jl>.I 3jUI 0 _)L£ .jJ^jLiJI ^jTu 11 4 ^Jl 4.U.4 CjLl_l_l>- 

» 

<J* _3* iy^- Jj-*- 4 (J 5 *—“*J * L$£jL—<_ u 

j i 4 U ( ol^J l_AJ i_u^Lj t -1 I^r*i I 14_LcL>J I tljljUJI Jl».I 

jljJLl _^.1 ^ya _«_u jl^JJ 3 jUI tij_)l£ Ijl Lai > e. I j L 

i ii^ I j^JLs t 

(jjtlaJI 4 jUf. $;l^y».l 4 j4 * 1 4 T 1 O 2 llj~J I Jo— i-u£\ j\ AI 2 O 3 


1 i*\I 1 ^ X A j n 1 . <■ t | l ~ \ | . I i 1 a 1 ^^ 4-l$uU 


J-4 I 


Ju 


I 41^31 ^ 

(^=>2^3 Lr^ 1 L>* 4 Llj r4 m i4-L)l—*_uJI 3j In I ^y 3 

4_3J 800^ 250 ^I^jj t3juv. 4 _JLc. oLcj-i-uj t, 3 1~ 4 } j^Lo 

J/ 

3j1_4-U 3j_loSLII CjLloj->JI ij'x-lnj j-j— ujS3 4j 1 4 r. ^y 3 *j Loa t 43j3jJl 
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cJlS. Oj-xju^h 4_i_uaj Cj ^ 3 4jjjLj J Lxj I ^yJI L^_cu^j 1 a 4> Jj-t-ojJ lj 

iZjloajjv i j r a c_u£jJj 4aT Ij J-lvL ala ^3 (j_st_LaJI 4 jl 4^ Of Ld£ 

: IfrLu Jlj iJjol^£. DJlC (> _ylc t 2b^jLj 

ji 

i 4_a jL=feju_iJU 4_jj»>- LLaJl — 

4 ^-tlaJl 4 _xC. j ! L^-La 4a.j ) <^U 3_iLll — 

M 

t4j^ i ,K.jUj AojIj^xoJI Ifljl 4j > u^> Jj'a- >ai jl^-II Djlll — 


( 9 ) 


( 10 ) 


‘J^) 4j. 1 a • J ^ojLSJI iL-i < ujJI 


to j>!j-LI SjIIIj ^.LLJI i-La_i_ujJI (jru <LjjjjJI 4 u 4i i 11 — 


( 11 ). 


^j^c-LaJI 4 j 1 Af. Lfc, 1 If jajJ 4^,^_hJI — 


. ^ ^ SjLU £)JfcJi3 4 j1 4 * I i £j. 3 **0.4.11 l5vJI £)J8_^JI — 

i I—g^lJjf i_9^~i/wLi jlj_JLl t_i—u 4 ^£ujISLl 4 cJillifcjj iJl A 

Jj < ^ -»■ JI ^ajj d a ,^s.a \| 4 X i a 1^ ■ ■ *.t I jljJLI w^IXi 4jjjLl!I oLi^JUa 

^lc. jJ j 1 1 L^J ^ooj 4 ,,, ^j K J LI <*iilj ^jjc. ( rtltfr*i 4 _Xj n * 1— 

tiLlij i \ ^SL —cuj Ductile 4,btnU 4jj_LnJI ail 4 j^jLUI oL jxa>J1 

. 1 ^ mi J ) t mii 11 i_9 jQi^_Io CxJ>OJ l^mfll 4j^^» 1 In 11 ^ IJ StJUai 1 ^yA ^£.y^ I 


ul 4-Jjjlj 4 funrttl • 

^uxl jljll (_yA (JjUOuaIIj UbL-*i Uj£j La£ t4 jl^-|d!l jl^il 

~ s 

1 0 I^»JJLJ Ju£. L$i£LxA Jl£Ljul ^-i-ij 4_iX.j ^ I J-iJ ji hi'' I l.^t, ■ MIJ 

4_j~4 4 m i a LJn ; tln.‘Wi 1 a .uij ^2 — 6 j _tljl jj-uojj . 4_j^-jL%- CjI jL^-| ^V 

i n cLul ^^3 4/iiv-vSH CjLqj _l^J j-<U 4ihVII J_j>.ljil 

4jj^>^ 3^ 2 .^ ^1 *hjkI J5C.i~iIi ^yd j Q . 3jJ lSJI 4_iJL c. Cj \j£ 4j^3-LLs 4 t->, -.1 yj 

jl^-ll 3jLU CjLu I-UJV. JjS ijy 3 4>a, l V~i Mill CjIj^JI i ^j£L JJJU — mJI 

I CjIjiJl o JLA jtJaxij 5 ^_i_l£LI! ^ U/Vl . L$jl M i*fc- r> 

4_>oLill iuLi>JI Impact Forces ^>11 dL>uI 

Lr 5 (jdajLt-alua Lall tI aj 4jljJsa—u»l jji.1 J 4-4jl na"H l!j!^£JI (J/u 
jLxi-ll mi 11 1 juk ( _ r 3 tIn-w^Ljj . (« l» 2 — 6 J^LilJI) ijjjvllaJi mi~i ^LuI 
1 1 QASc-iM$ L^i/idl 4 jI JL» jjxfl o jLil oLoj _i-it>. CjLjjjfc. ^jji^LLa 4_aLit_u3 t 4 _jJI 

. ^ ^ j"t a tl ‘i i A 1 1 220 ^•**■ * l 1 L«> 4 1 . L\ i u jj a i i h . i^. 
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£J1$ fUlt 


i 


d) (vj) (-»■) (*) 



100000 nm 10000 nm 100 nm 10 nm 


n 

■ a — 


CljiJl 1_^L> Ala^il^j ojU,I <U-L»aJ A ! djII ajL} 

ljL.4li>JI jilaal jLxjI ( j-aB Lij 

uLi.li.xU 4 j>Jra^Jl lLjL>Lui 11 JjLjj 
CjLo^uU 4_4_>jUkJ I Ini mV I ^yic LjljjJI jl-LC.1 JJjkJ lJlcLuAJ 



! 


jl^Lt ,JIS lj L a -* i.i > - L$J (-yjJI J^-Ijj.1 ^ylauJcajo (^—:(2 - 6) J 'v i T < I l 

.Jj-UaJ \ 4_Jlx l^la al t-^."i ...1 i ><ifiTl 4J J>L^. 4 lii^iiTl 

'--fc-tljlUai ( j_oj_)Lb_a >UH ij^j 5-lLfj 4—31 iTill Ca_>. Mj_5 

In <«!i CjL^I ^yB djLjj j, 41'." TI |,‘t it>, i ■>> L-aj i -w . L_l>» lj j L_**aiUj ^5L~UI 
jm ll rt < j^aBLIU I I _Ufe j ‘ Ci * 6) . <Ll>^ jJS ^yB 4^0LU 1 ul luaJI ^ 11 til. I 

^yjl^UI ^oLLU 4-_i->-jL>J I In MiVI LT lc. 5 jU) CjIjJ J 3^3 w—<*J Ajbj ^yJJ CjI I I i-»«Tl jLa_»i 


( 8 ), 


Aj^jLJI 5jU, 1 tLluuju* ,j-4 


iSjLU cjL*_j _t_ojw t4 m 14 4-u 4j S^Ibij 4jj^.LLaJI .Jjj_iiuJ 

Shear ^n^ll cjIjL^>.V <4j^>.LLaJ1 4-4jLi-aiII cj1j£LI 1 <j-u 4 jls1jJ1 
4_i_ub»J I 4 j i ill t a * i >>\\ 4_)1 juJI jluo j3 Jj Forces 


ljy 3 3j_tiijj jbJj Lx-d jJi-lj — Cj 1 m i 11 4u i i 111 J)j J_>J I — 

t i K<~mj 3-^jJll oJl^J 4-)l Tr~i IIIVI I 1 r/4 iCi\ _ ljj IjcjL: 

1 2 jJJij j 1 In 41 dll j 4^o jju Cj 1 i j t ~v <_iU ju 4j^£L« 4 Jj J_>J 1 oJCt J ix. 

t(j ^ ln!l 2 — 6) (JSLclJI {J ^ 

^pJlj 1 1 fljlf 4 jlB!^JI CjIjL^jwVIj Ja j xCn 11 ^—a Ju^l SjlII CjLu-l>» u^sjjuu 

\ CjLi_ijjv rjj^Suj (j£- i ^ i^oj CjLl_lj_>JI 4jj \j. A~ii-uI l£-5^P 
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I ) Lj 30 jp*_i l_AjLLa31 JbuI Li* tU < utpLA £-LlJ Clx-p- t 

^^ Ciljl $.;>•] j-a g t^j_ y uii 3_}L^1_ a J *( <( _2 — 6 

^L^ejvl ^Jl L$j Jlj L$j1 nj>- ^nn {ja u, —I] L 4 3_iUI 

^/LJ_4 Ll^ (J^jQ^jLj 2 JJfcJ 1 Ajl LaI t In t H^LA ( *J_LJ t jJRjuaJ I ^9 4-Uifel i.1,4 

4gj^fki.ujj*C a 5j^jud (3 — 6) _lIJ! , (« J)) 2 — 6) <J£_ilJI 

4jjjU 4_ljj->J t <L3 jJ I ^JLc. jJdLiJI ljjSL nji^.^.ili ^*1.1 V~i t nL) La^, lg_ 


^^JjLuaJl JljJ £ 3 jl A {jA (Cj I^JLojjL 5 JJ5CJ l_Aj_^3 £.—Lj) jLuVl 

4.11^I c^la 4-c.L_u 200 3jJL {jsc. Ull L^.ji3> juu tiUjj iTiC 



f VI i f>LU I xlI 4 li ■ ■»I^J u I ~v 1 4 i f jf) ■«*> : ^ 3 - 6 j .<iJ I 

1 j 1 o t a Cjjmas* TlC uL't j~iJl jl-^j^S 3 j 1_4 uLu> ,j-_« 3 -L>- Ij 4 aaa>J 4 _ 3 jJI jjJU: 


4^LaJl4JL>Jl J^UU^-SLi. jlSLJ.1 L ^J>^ S J-£ (jll jj I-k_4 _jJ JA 4^> > Jjj 

uLlu> j 5 _i Mcchanically-Induccd Solid-State Reaction 

t.ii J*C .uJl .SjjuiJI 3 u»a LJtjiJt Aj^jvLLa » ^^uULuJtj 

lAjUa£i .4-4 ^jlxJI 4^jLd 4 _ijjU CjLh.. >» aOA j i4_2 ljjJo ^jl J ^aJ I 

/ ^ 5 3^>«j ^yj) 


OLlj-oJI A^jlj 4 Jljj,! ^i>.Lluj4 j jirt->Ti ♦ 

_JulJl ^ lr 3ja3JL a V* jlj-U lILIj i Ljfc 4 lj U 1.1 jI^ILj V 

d)l 1 ^ t's~>j-su ,i \c 4_ijwjUJI L^KLufc JLSLiilj LajLuI j-±*^ J"^~i11 

JI ji, I j is-) L&£. ^ -i-CJ>- 4.1 j In 11 JI jj 11 4^3 p (j . 4 jl 3 I jj I 4 1->J I 
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flu 1! mL 

(JJjLloJIj dtljABJI ^j-a Lfc^xCj t JUJlJkJIj t-j-ul Jfcjjl JlLa i4jjJxJI 

JSLJl:J I j . edjL^ij iL-ufe jJI lLIjLxj^j t JLjJlJkJI lLLjLljjj (JiLa 14_t^_LaJ 1 

t m ' ^ ~ 

{jA J-LI Jjjjtll LglLajLia <jX j-laj 4ljIrtU -ilJ-Li CjI i i i~** 4_jJuj ^ jJI 

(j-4 ^ . 4_3-la3JI (_y£ ur& US i l$jl Jjua^Jj jl n Jjl 

^yA BjJpl 1 Cj' jl<jx jl^ll lilTi CjI nyw. ^ 11 j/Vi 

«-Jill%j 14xoL>. 4 _i£LijISLl1 CjIjSLJI f'J-L j (Ji^i J 4_a jLuali-ll CjI^—SJI 

4_Laj|j_Jl £jj ^Jj ij-laJ lilliij i 4n is -\£\\I jljAl 4 j» JajJU i-LUj {j _C 

. 4 ljLilIj 4_3juaBJI ‘.(>3^111 (j\J jJI t^U^I 

:^Jj US 3jx ^y-U 4Ijial 1 jl^JLl Cj 


.jl i i r 




i »->«a i 


JtajfciiaJI ^_yJj 4\jlnlI _i I j_L I Cj 1 a ji u-v J_1x :VI 4.L>»jXI - 


.>■ JjU *Cj1^SJI 4j_ 


t u LjJ 


k JLuaJI 


IJljJ jlj-ll lillj Cj 

y_xij 4_Ix ^tt n 1_4^> * ( 1 a ■,,) L^IjLscj Jajj BJLLu _»_uVlj jJaLajJl {J ^ 

L^B-p-l t uA <jU i JS—JujJI -iljJtl ilLLi 4 jLL^ ^Jl IjJojj . L^oI_3ej>.Lj 

“ Jl 

1^jJaJU j^4Tr~Jl IJUJ ^SjilSLJ.1 jjatUll \ja ^jA i 11 4 Jjvj_LI dlx A 

\ 1 Juk ^£t 4_jj^o i ^ jgg^» 5(jr^ J-_« 


v 5l l l 


i. Cj I j~i i3^J ID I LiWl CjLj-a ^J] 1A j LU ^ I jLjljI Jg^G ^kLae jw Vl ij-u£ 

4jjl5 4 JjjJ 4j^Jt-0 ^ySjJU jJI (« l» 4 — 6) JSLjJI ^JU3^J0 Jjk 

4_j ^jvLLd 4 !r> i_ul^j 1 j*\ j 1 1 *V-i.a 1 3 <^Ir» JlJLJ Nb ^^oj j-ii 1' 4 c Vj 1 <u _i_u_a 

^«c_i)) 4-6) I JlA . ^ CjLcLu C.iiu 5 jJ, BjJlIII 4_jJ1x. 

a^jjLxjj cJL^l 4iv-t.i i-u CjLijjjv ^yA j 4_lj_l_>- 4_il^v.I jJ| 4. ^i^tl 

Vl j"iU ^y-A ^toi aluj . ^ ^ 4x.L-u <. B i*~t > 3ja Julj <Co 75 Ti 25 

JLlC L^uiaju ^Li*<2uJVIj ^-4-^Tl'J 4jjJjaJl CjLoo_i_>JI L^jJjj ^jJI 4_cJ>jJ 1 

. -*■ 1^11 4 jliO^ vLiiil 1 IgL <-!_» 1 _J L^J>-1 ^yjl BjUI £^2k-lmA jBjJU 

JjIIjJI L^-oLjt^-i Bjljjj BjLII cjLu.i..‘v jllaii I yA-i jju '. 141 1 - 

JU^js i ^o\-u2ua\ ( ^ r 3 4-t-4JaiHi I lit U.H 4 jl 4 11 (_yJ^Vl 4 j \ <o^JI 

4_jjJ CjLkj_Juj {jr^- j <3- mij L(j_4 t^jJfcioJl 4 (j£. qA 

cjUj-ii: i(« l» 5 - 6 Ail) 4 jj^LJI 4< <t AiL Plastic Deformations 

4blii^ -LjIjBj i(jTT Ull 4_j_LojJI BjBjLII OjLj j_4J jL^Vl JjJB V 4-ajI J 

4oVi/> CjLkj _Juj 4 _i£. |fi>n ^ jJI j^aVl 13_i UL 1 CjI iii> 3 

. 4^ i Alt tillj l_3 yAiu-ty 3ju4X.Lt BjUJLii tBjLcIi 4jjjijjl 45Ll<j[JL 
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.uK_i 1' !n\l 4 _il 4 jJI SjCaJI 3 jLjj *_>aj : 4 jJLU 1 4 I'vjl.l — 

i L 4 ] SjU.1 <LojLJLo {J j& < h%.u,n ^1 ‘^^>,1 miIL 4_^Ijj_U CjLaj. iluil lLUj 

J (^Jl j-a^\ (jr $Iij^ cj! jr° Jj>U c_jLi_ili—uil ^c. L^jjjJa JJaljs 

^ ^lu^LiJI i 4_r_Lj.ll La JJ Jl>- jl JLlaI ^ ^ ^t.l ir./l <j 1 £*_L>uj CjI m 1^1 II ^ < «r> "i 

. L^scjx. jt uni CjI ijiv dJ j-» 4 g_^LlU CjLlu>JI ^_>j 



M (t) 


^yjj^tSUy I # LX 1 ij^yj^LU.) 4 In ml^j l 1 4-Jj^jk.< >«n ( t) (4 - 6 J jscdi 

i^jL^Cu > i in sjj, i^*t>«ir» jju 4_>^> 1 di 1 Nb so /r jqAI jqNi jqCU'jq 4 ^ j > .<■« 4 >!,« mi 


4 tjuk -v ClI> j4.aj £_a L^Ciaj CaLISLj lt U ' 4SC_i_^JI CLu^J I ^lail ^u4jj 

35LCJI ^ ( j^o j-IS I ^yjj j^j.In.d.t I lA4 » t j.q.a J-ugj .4 4->» *4 

uLm> ijjij lifr+i w 'jj~^ 1 y 1 OflLUl ijC 4U. ■ -ij i U4>l 4Jj^»v4 Sj_£a-3 (l_>) 

jJI uUl 4 —Cj ^j^ni i £_a i^uaju Go C—ILj^SJI^ Ti ulCCJl [£ 


(16), 


AC Cu 1 2 Si-ll CC: 


<Co 75 Ti 25 


SjL>-)^ <U > i shJ 


^p“l _ 4j_LojJI 5joi.ll 3jLjj —aj :4 uljil 4 l-vjll - 

^ In i oVl ^ lc. 4 jl9IjJI CjI jl^».^/l jLjjlj^J-uol^iil ^y£LulSLjJU (j'frr.lallijLI.l CjLlj_l>> 

^^Jl 4j^-AliaJI i-A j 1 In 41 jIajI ,Jj*2uJ J^*-Ld.l 1 1 Ti jj .il jjj tCjLiajJfcll 4 _ijvjI_>JI 

Sjjo-o j^ojju i^jJI f« I» 5 — 6) L yB 4 ^A-l>3 ^j3) Lc^ i^Lu^jlj 400 jjill 

4$d > 11 CjI Mf ~^-q 4j _tr **L l ^^U>l <_jj )5L ljiji^-i-ILj Cj j Jv -I 4-j^j^o 

LCajI 4 _l 5 JuljJI CCS^JI IJ-A . 4X.I—uu 200 l^JjfcIo -Lt_i ^jj_>LjujJI 

CjI i_i u>JI Ci~ti") t^y* Lc-a tSjLJJ 4_jj^Ll1I 4^ 1 > nil Ji.1 J CjIjLi^jVI 

a \ , <L^ ^ * 1 1 1 4diUi 4 j^jLj ‘*>1-11^ dJju 1 1 L ^uaA * L^JLt^uu!^ 

. ^ ^ ( (< ‘t ,)) 5 - 6 j CjIjJLo^jLj 5 ^yC. LAjL^a I jLjuI ^hJljL^O 
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i-l^SI i.ij^SLtll 4^ mi^J Cj.l^.t 4-»j #?■<■* j$-^> ( 1) : ( 6 5) JSL^JI 

Ti^AI j<jNi, 0 Cu 1 0 Zr j q\V jq 4-j^ i^ii uLu> <u»uj 

• ij-LiJl 4_jJLc ol^S LLj ^I.L>«'| mb I 4»cL_^ 200 _ULJ Lifc^-lc J L^l -w 

LfcjLLi^i jLa_ii ii a >La_a J_ij .4"C n mH Cj\ i i > >J Jd$-> «aJ \$ 

500 k j£ 

. 4S> ii mti ' * 1 1 4 i_^u*»< 1 <Li_l_>. I jJI <Lh i ilt 3j ( ^j) ^SL_JJI jjj 3^ 

uLu> ^j-4 k_oJLb L^ji ^yjJ. >J> _j VI LbLU I ‘ ^ 1 LU Laj^mo.) Lc£ 

/ \jLL»jjb 5 Lba jjL>LLj V .<UjLb»^jb jsLxji ub <Libj 
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Louise*.* 

Sjuu u ,C ! 'l£.U i j r s>c InJ! 4 j 1 <1 c ^j£. ^jLJI gill! <h\ ij iL_u-fl ( aJL<mj 

JK Mil 4 jj^£ Lr^J 4_stla uol 4 -o^jlj Jj-ojj tSJ-uilLa 4 jjkjJ^9jj^s -j-a! 5 -^ 

^Ujj 1^ t 4JuLiJl l_4 jI 1 1 k-*- jlkal jl_*J I t j_u__ajLo>o 4ii Jj 1 4jla_Lojv 

< t | t ~ > 1 1 ‘ ^ CJd 4 " j j . dt|>> 1 4jJ l *•* A < 1 i'Tb.L-n 1 11 1 1 4~i -V. [ < ,« a 4 4 iA 4 i_. .< \ 

♦ ^yj 1 l J ^LIJ! 1 ^ I ^pjji TT~ ) ^yjL^jj! 

* ~ J 

Cyr-~L) I I 4 jo^JLjj cfiij L^lJL^j 4 j^jLlJ! oL-jj->JI L_u_a L>"u til j 

a^L^I! 4 jj>.CjI aj iL~ 11 j-±& ^jr-S ij &Ju 4 ^>JLlx l-A(_ T ic- 

4 jjjLlJI Spraying ol^uxl 1 «oi j j lP'J^ ^ jr, jjuj 4 oj_ujjjJ!j 
j i 4 jjL>.i Layers cjI — oj-L ^y 3 cjLatUJtlj cjV — Jell ^In. .u ^^ic. 

(j-a CjI j&jJJU cilL _ l-u i 4 jL^j i_sj _ gj .Multilayer 3jj — xlLa 

,> M.^~i Lij^ /\ .Erosion JfTuJI jt Corrosion f,i^!l Jj^L ^ JSXiU 

aj -j. 4~ a I 4-^Lia[j Cj 1 Jl »-l I lIIIj mV 4a£LajLSLJJ jj>J I 

4 4 r LUI CjLi_lj_>JI ciJJj L 4 J Jlxj ^ Jill 4-^».^Jjj£uJ I CjI jla *JI I ^ya t U*I 

. 4aiaJjX.J 4 ju_uI j lZjLcI 1 , ->~ 1 ..1 

CjI JulUj J Jl til 4 ^>.jL>J I ^rF» mVl Coating 4 ■ 1 Lj>~ Jl—a=_a J_jJj 

Jji^axIIj l)LLj 4_l 3jyj 1 4 LJ.I Vi < u I Cjijlaf. ^3 4^a, V V~x^Jj 

Jaj u-uuLV 4 - 4_ii>.ljJl iwVl ^ Ljj (^^3 till i jLa.lt j 

» _ 

t^j lJlLdjj I 4 j dj i In~i 11 CjVLaeJJ .^Lc, JSLjoJ CjljLiJlj JjIj^-uJ! 

^ J .•>" <-n~i 1 II.U t./.,l.ll Jl ^yjl ^UdVLj IjJb - 4 j^jLU I Cjl ll J-L>»1 inA 

* t . y 

^LlU 4_jL>U CjLLoJU 4 a. 1 >* i ■■ \ 1 2 1 Cjlj^La Lft< u\ 4 j U *" CjU-aX. ^3 

4 _;l^l jJI ^Vl ji.Uu ^ L^iLiL^k. .Desalinations 
.Oil Refining <11 c-uj oLLui 4 ^a,i-^ii»ll cj!jl^-jJ! 

1 4-C.j 1,1,11 CjLa! Jiitl_i_uVl 4JLA 

JjJjlI! tiJLtA ^j\_3 4^iLar jjx, 4_^oLU1 4j^jLLJ1 CjLojj>J1 

Cj La-J L^jlrtiiLl ty.l.kl1 —>-S/l 4 jx.L lx^ail Cj^LscJU {j a 

giUl Components cjl^fLa ^ Parts J^ju 4^L^JI 4JU. 4jL-® 

jljJLl tiLLyJ 4 jjulilll J_i<LLJI oLW .>!La> .Final Product ^Lg-Ul 
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cult I 

Jjjfl iCjVVIj CjLli^UlI I Jjy V! t j CjUj^-o ^_i ) t ^aj 

1 4AK~ I1 4In aLi 4 infl’i Cl^jJI 4 it i^->j SjLnjua 4 j I a r i Gc^TS ^yj^j j-JI 

^p. 4*i*i L yu^jul\ lIHj L QMA 4 3Ll IS1 II jIjAIj djL «_iJI C^jl£ La I j| L Oji^- 

. 4_lILc. Sj^Luaj 

^k Consolidation l_ ^jucj 1 Mjdl ^aj 4 . j 1 a r 

♦ 4-i <4 A VI 3jjJ-Ju 4J l _j it 4a j ^^.<^>4 ^JLq-) t4 ili^ CjLaJ_ < Sjj^ud 

Jjaj {^Ztjl 4jLg.*J I ^C. j j 1 r.U ^ _1 scZ. i 11 J IJlA £^ajJI jl 11 ^ 1 L 1 a j 

l^j^j (jq^L^aii Hydraulic Presses «4 XJjj.udll ^LklL 2 lL_lJ^j 

4 4 In"*i * 4-j—. u. 1 < a Cj[ c^x, u >» 4 ^_i A ^,-k L^l_ifv Cuj Laua 

V13 4Jj ♦ 4-L>. I ^jga OaIa^o ^ jJ I 1 i i ^ 11 Jj j t tVi 11 jl ^psj-iJI 

• (jyjb JoLoj 3JLc. Cj 1 11 jdlj Jj_L>.L_u_tI £_-i-4_>oj ^ili^ 4j! af 

t 

4_ojI_ 3 _}l^qa £jja ^_LuaJ tMoldS i__JI^9 CjLij-ljnJI — 

^ jqCJ <Hard and Tough Materials 4 *jLHI 4Jk _dl 

{JJ Xc- ^ JL '^Tu.ii 11 c-JlaJI j_Ll^uj . 4-jSLjal^ 11 nJl _ll^J,l a I JJulII < - d t«£> djk <-u 
4qq_A ^^k Jjt Jjiv. a^4 (i U 4qk ^Uu jjl jl^J ^C, jJI (JSLlJI 

. Jqj-oLajj i^> O_ik La^a I <Jl£_ Cu \ ^ I jf CjLi^ a j| 

4-_aJji,l I l-j. _IIj^ll ^JlA L>.(6 ~ 6j JSi_ jJl ijr^j _*jj 

jljJ.1 qj* jJl*J 4j^jLjJ I j^q^L-all ^- 45 ^. vV’i i Jj 1 ^ aj-a ±*auLi 

ji 

^-l^jLi 43ji^jLUj 4-a, 1 t a U fj H jS 11 3ljl Luajl Mill fJ7 °> j $ t^"lj . 4 <i Iqjfc I> I 

✓ 

.Plunger «(J^LL=Jl!I>> 

' J3 

jj^LLaJtJI tCjL_qqjj>Ji i3^>*l __ ii (j-uj£Jl u-JLfi ^y* <~i — 

itj tjJLaJ^^I ^ j-l In" 4_La_ >_ul^j dJjj tc__JLiil l_oj^j>o I| Lotjj Ju 

1 L^jl_iqjL>. ^j a ~>1 IJ 1 ^ Mi _i \jS I L ii 11 3jLo L_3^lq>*L L^jua^s 


Lait 


J-li i^~ jLlj . 4jJ Lc. 4_^l!ikj a“*j < <1 j a Jj-ua^tll — 

.cjIj-U cj!jJLih ^1 Jq^3 t 5jj-Lc cjI j^a Pressing Load 

fi 

Qj."in I 4 }jtjI J^k _a ■>< 11 i4_nj|- ljjJI SjL^Il {jjz ^.L^HjVI -Iaj — 

^ ^ ^ 

dI j Jjljj . L^SLq^ J_>aj jlj-LI SjLLI d^LliwL) L^JJua < o l~ V“ 4_j_Laj 

^ j 

. K ml a*L-aj I lL L)3^d L^kll ^^1-^11 ^ull 
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^LJt 



08), 


j 1^ ^ --<ti _JLaJ ^,_>*jL>vI' JS .tiTI 3j^a (6 - 6) JS^JI 

(L4^jlU 1 4_£uLa tU^jLUl CjL-lj_>J I ^_L4J>ijj | JJ1_*S 4 < l-O-C 


* 

: Lq-A jj-uaSJI 4ji4c. <■ 3inVij IJufc 

lIj i u±aJI ^it iSt 1^3 tCold Pressing jjLdi —^Lli — 

,4jajjdl 3 j!j_>. 4j>.jj JlIc. 

l~i 1 i n-^ll l^i4 ^Q»jj iHot Pressing 1 *-*d 1 ^if* ^-tL^SU! 

( j r ic. i ^ <m4 JjJ^- 3 V ^j50 t4j9^jiJl 3jl^->» 4 j>.jJ Cr ^ 1 ^ 5jI ^jv CjLjwjJ J u£ . 

? 

. J IjJL I 3 J LL1 j l^uiJ i 4 In t\ 1 ^4 % 73 4 im i 

J j All 14^13 I 34 l3" )\ Jl3j 

(IQ) * 

441* ; Plasma Activated Sintering LjMJI ^ I jiiti^Lj Ja-jJii 

jJkJ! ^JjSLlLl 4—J^jLill CjL-UJkJI -i-u_fl ^LqJ ^j- 4 ^-Lc.J 

4jl1Lj 4 it laII ^ j 1 1 A~i ! Jj L$1 aJj 3^j4*< 1 ' 4— 

4-d.1^3 O ...^wl l^Ll^OJ 4 j^jI_1JI 1 ~<1 I n-fcll -j ■■ X 4_jjl Ju_) t J_J 3 t ill 

fi 

L$j l3 j 1 IrTij 4 j^jLxJ! JiljiJ l^j I oL, Itt" H ^yu l j_i-i^ Lj, 1 >«j Jjjcm <4^^ 1 4~i a 
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fty XI 


l }5Li‘L) AjjjLLII uLu-xlI ^j-vLuja ^1<U ^jx. w T'~ 4_)jJu^aJI aJukj . 4j£.LLuaJI 

^ -> iXi IIlaj Thermal Stability cjLIj c. 

£_4_>j i<n^ 4JjL»_ia jLt£. LiUjj i L^j j_i j^jJl AjjjLJI L$jI tj iv jLxj i ..A 3^ 
Jicj Grain Growth aht^H j_ CJJ . 4_JL*_JI 3jlj_>JI CjLxjJ .1 if. 1_ £jL_ljJw 

Jt 

La ^yj] (j-alj-iJl o Juk . 1 jtj 4 jJ fivy ijjIJJ! 3_Ljj-3J1 iJ7 ^£- 3jj !r>-v. 

^yjJI V J1 a*iU 1 A, l33j y£3 (Jjij ij±u32bjJ\ cA 1 I 4 C J_l3 lI_uL£ 

j-aVI (jl^ I jjj. cjL-u^JI ( _ t s j.» jII 1 j gJ L^c..j <>>-v- 3 jULI l^j ^<Cu Cu. il£ 

i4J3jji_ll 3jlj^ 4—>.jJ ..I if CjL-u^JI £_4JJ 4. j' ^ JJ V I jLqXfl *1 j_ £La 

V jjLJI (_yic. ^ u X 11 4_3jj_Io jji jJI 9 jjLJI u jSL 11 4-3j^Jq jjcjuiiLj 

£a>» -. X tl 4 jlLcjJ ^yjL^Jjl jlli! ^3 Laj^I^j CjLLusIIjJLI £-a (- i i ill iV) 

^si-JaVL) 4mcAd 1 nl 4_».l— ljj-a ^yA L 4 J L 4 J 4j^jLJ1 CjLu-ljkJI ma jj 

ij u j£JI jLa->.S/ 3 j»j_i^ 4_ajlJLs ^Jl_u 4 iAl Tia (j-a-ul 3 4 ; l Q*~‘ ni ^yJJ 

“ » 
Jlaj ^yjLgjJl jjjij ill i^Lgjj 4 j^Lus t 3« 4>> (jylj I JlAj i i Li 43 ilnll 

. d 1*^1 ‘iC d ») 1 ^ /> ^ >V dunL 4jfc-U jjuuSXl 4_lLqX. 

JfO-uaflLUc ^— ~ t a i <~ > L ylr. Jj ^y^ 4— iL ^Jl ijr 3 ^ J—I 4 JJJ 

^Uijl : L aj&> j t (j «i II 4 jL»^i jju ^yjL^lII glULi \jla 1 gifejJal^3 Lyfagej 

4^Lxl JlJI 4 j_LjJI A > ^Jb ^_yjljil 4 * 1 1 1%99.5 £jjQ 1 4“4 

4 J a"i ^jy j * j I JlAj . ^ « 1 11 4jJbl 13-4 4 j^_i LiJ I L^j Llll^w 4j^j ^yjL^li! ^" 1 a It 
J I iCjLoJl>JI ljr 3 ^X _1 ^ I ijT ZjACi ^_c L_»J 1 ^y hi 4_3 j^_Ls j»l, i V"i4 jit 

. (_yAJfc_45 Jl>- t _ylil a ill IjLA J 1 1 13 a 4 4J^ 3 jLj ^k JlC. jJisS/1 t _yic. 
4 jit tl 4 j3j ilrVitlj 4 jTi-rill 4 U mi iVl (jr ^ 4 \ gf cJlIJJU LiJjl_ Cu 


4i^d»id jlj—II lZjLljjj>- ,^>.1 Hid ^j^Lj 4j-^L>. ^ujl£La ^ -u^duajj 

(19) _ 

JlJj i^y. 1 Jfc 1 11 ^kl a~< <>tVl IjlAj . 4_j^j LiJ I jljll \ £ i j 1 ^ <— sLJlI Ij 

Ljj^-jJJ j£j j jLae_A Ljr 3 »LaU!I Jya ^LaIaVI Jujt-U jVI 

jUjhail IJLA 4 j~t jb j II lZjLqLaTu^VI lILL CjjL3 JL^j .^JLtJI >-jLi ^jLjJ I 

3^ J>U-J 4_jJLl 3jIj^v. CjLwjj ..I Ir CjL—1 _ lm-a jj ^ ^yjj 

jljil 4 htJ^_i_L) I ^" 1 111 JU^jj LaJUU «3j j 1 s \4 4 j / aj 

3jl^yJ!j (-<<•><) Los t jijLiil I jLL ^y 3 j 

4J3~i / ull 4 nJr.jJI i-i-LL ("< 1K La£ . (jjiXiLiA ^y3 
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4 _k. aiJlIA Vj Lk ~i i a <Jjjua_>JI ( j r 9 ^LatllLi Cj \^l^u j-uuC. <JI jJo _uJJj 

< 4_±lVJ jJI L^jI i _i I-*. jbul _ jjLi^ 4 jjjUI L^Ib^j j.uii 3j_ x^"t a 

(23 .22) - 

^jLsfcoJI IJla . 4-JUJI jj4 j c^JI a 

. 4-i.^>L>Jl ( j_u_»L£J,l JlA i3jt£.ljJI 4jL>.j^t-aj 4 _>L*_juaj 

4 a ll V a 4 £.j_s-3e_! 1 4_i5l^x. jjjj9 qjjm& («i» 7 — 6) inii 

^jX- C_lt_J$L!I L_ilJJ-4 {jjz 1-Aj U^3 >iJ (JJaJjLaIIj <Jl£-JuVl 

^ !•>* I jJ I c : 4 X^Ll I ^^±j i m“ 11 jki \ j£ ol.ij i'v J^>. LA jjL*- Ll^iJ I { j r & L>J I 

4Jalj£uj j\ju^I 4jjjLj ^2Aj L^i j-jJauSi Ju9 l ijr u 3j _jJI 6 JlA CjLuj-Oh] 

* 

L__i_U 4j^^-gr a 3jj-^d ^y^sj-XJ ^ jJI ^«c_))> 1 — 6) jSLliLl ^e-xlajja yit Ln£ i4jJLc. 

. ^ ^ jusLiJi t ujj£A 1 4 ]r\ t dI^j Cj jJv I * (jr L>.ljJl 4 ij.t.11 



~a 4.LL>di <u ^jL-Vi (i) :(7 6) JSLjJI 

£->i JJ V*?Vb> ^yjJl .CjVYIj CjUoSUI ^j-h »-> J,_l« mi 5 ^ 4-*. L>Vbuli 

TtVajJj ,MC ,t I I 4-La-wljJ Qj iiViWi ^jjLiJI ^jajLlaUI Ju-ijSJ 4_)jjUJl ilibu, i:k]1 

Jj* a ]jr L_i_U ^j^VSJ Yl -L2UJI ..j^SLjJU 4-Ir> ^Ijj iVIlSu 4j(o) ojj>^ I1 

*_LJ .4_ijjLJI ^jn aSUI 4 t juu ^>Lia->I £u*sjj .<L>Ji-'J.I I 

■ Liajl (cj) .jJ_4>jjLj 35 j >»'i OLt.i ,i.>J1 lIUj jUa^I abut t tL4^a Ja tnjILa 


\JlA, ^r—V i 11 ^j-VU ijr L>* I jJI JSLl^U 4jjSLLl iVL^-lj->JI >M ..)LW 

(14) . 

A i£ JjlJ I 4-^LlCJ I 4 -^-l 3 ^3 bujI 11 ) U-4 .».it l^t^U 1 
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fLU 111 


LdSl I 


4_j^jU]I j !^ tl Jjj-vl 


^Lc 2j^i Ja?l 3L a SI • 

£-Ljjj 4jrt 1^ Li_(jl J_i—i 


(_j ^ jJ I ^ “ X \ I £j[ jl^g. 1 g i 3 .*j ^—jJ! /j -*» U> M 4 .lI 2lu 

Bulk 4_i^_}lj da Llxi ~>» ^j_ >a <_3JJ-a ^1.^-1_} £.—ILojj 4 jl"i^ _}l^o ^ lr 

(Jj±>\ 4-Ji3 ^^;I Jclu\ <ji £\j "ftt tNanostructured Materials 

4j^jLlII "nLi j^rsL^-J! t_iji_i_uVI ^j-hAj d_>»j £_3 j 1 ^ i"\! <4 a 1" V * 

4-g. LjJoJ I 4^j^_L> )) 4 \) n"i 11 dJiA Jjll'ijj . ,Jj 2—uVl ^Jl j^a 

44 KH J-t-alj .Nanolithography (^1 ...Vl 4 j^UJI 

i jijj d**- > «4 j^?c_>JI 4x.LlL^JI ii (J7 jt L^~i & -v^jj iLithography j__a 

Jla ioLL-iJI Stones jL^fc^Vl u L. Images *L iVl jj ^ 

*4^111 ^IjLrtj ujL ^«u Papyrus cjLL ^Ijji 

(jib 1 4X. LiaJ I L_ijJ Lul Jula 4jLs ^j^£L1I ^jUI! j£jl jjt L_1 a jjIj 

^Jc3 i_uVl ^y-Ll 4_C. 1 l LJ 1 j_O^J 4 j^_?Cl_>J I 4-g. i l IrJ I ^1 In iS\ A j* I J -X-A I_ul 

‘dr j H d r 1 iloJi dL_jJ_3j a 1. l**" . ..Li ^ IjjVI ^L<»iL^ tL j _iiijU 4_jj>-jLiJI 

jjf i^£jJL _aj .Inkjet Technique <±4bLII 4 n3" Ji* 

2uj£pSJVl uL_uyUJI Sj^i Chip Structure jJ 4 jK,^!I 4 old I 

<Ui 1 ilr> 11 4_3 j^_L ^I jJtli—uul jjx. (j£LJj t L$ uiij S^SLaJL) L^Lbl 

4jt*iVlj 4^.1 iLaJi Optical Lithography 

.X-ray Lithography 4 /m.,.H 

j_La_t-uf ^ylc. 4-C.LlaJI j 4-iibjjJI 4x.LkJI {jy ^ \ \ j^AL Ijuajj 

(JJLLA <<U^aj CjlaelLLo I 4 J La Laj-lC-J 4 ^V'j 

_ lm La^lujjj La 3 J La CjIj j J! djLuj^v (< J-3 il LbjlSujI (3^° 

Cj Lu 3~ 1 1 lLL 1~ j iJaaJ^ . jjLLI! Ll>.jJj_ 1 £j CjLISj 4 L ml lIU t 3 jLa 

4-£i LLall ^L* iiJI 4_3 jj_L (Jjjo 4-±c.j£ CjLj_Lojj jj-L 3 jlcl 

4j} 31 ,jl ,1 jj il_Electron Beam Nanolithography 4 __^LUI 

Dip Pen Nanolithography 4*11 ^iiil 4 _La_^il^j 4 j^IUI 4 x.LWI 

(^yJJ l^a. lb! j I O jIj JLob 1 jJ 1 4 3 K"< Ijl liCul J-—I ijr A> 

., xj, Li n jLfcjJ (jyb 4 l^jj£Lb ^j-u *lj 
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i4jJuL5jJI 4c. 1 J-Lajl ^_ 3 4 £jjjl 4 4^-Laj Dip Pen a i tl ^loll 4_ xL3j 

.lie (Jjtcj 1 4r< 4 LoLu In III ,^\ kjlc. 4_jiij jljj _ Zu 4 ml L^J^Li. 

(j-o Joj)ln^> j_jj>JI LLal. V-Vj, „ii#l 

plaJL 4 j^jLI!) < 1 cA 1U1 IL) 4j_L3jJI fl JlACi,.i.4i» I jLtj)^»4^l 1 Jj Jl^JI 

^£. i^jUl (j\ j^_jjl>JI SDip Pen Nanolithography (DPN) 

4jj jjl Sjill u)j^ < Cj4 ^^Jkj t4 pgll 4ji n njJI Lgjljjf ^JjkJ I 44I11 1 ill (3i>^ 

jUJI i-ajiaJUi 4 reelin'; ml 1 Atomic Force Microscope (AFM) 

— Cantilever ^^jLfLJI ^^1 o^^lc Jylloj — jJ ^13 mil i_flj_LaJI 
cj ij 14r. JLocl , y irtTil iTip Probe ^jn^U 3^jI ^-uL> ^ jJI n—>j^ 

J In i 1 LsJ . Lo 3jU, _>»jUJI £_L_i_uJI ^lc 43 jJI 4^i a! Pi 4 4j^jL 11I 4cLxiaJI 

j-jualu (j»Tr 1,1 4 3 j^u- 3 ^ jJI J ^ (« l» 8 — 6) 

oJlAj 60 L^iiLicj (jr 3 ^Jjlu V 3j- jVI ojufc jl tjl (j-u-ijLLa (jl lit 

Cj!j j £_4 ^JjaljuJI ^^lc 3j Jl 3J! (jitTr II 3 ^jV 4co3Jl11 4j^jL11I jL*jV| 
4j^jliJI Jl^LtliVI J Tic 1 (JjSLlLjj , Vj rt m ^^3 ULI 4 4. JLsfcli^a i L^J t -.-r-V" II j 3_iLU 
. I 3jLua ^ I ^ In i ii ^lc d-Ujij i4jjjl-udj 43 J 

^yjJl t 4jaj^laJI jJ_4aJI 4 (««-_»» 8 — 6) 

4_tl 3^-i V ^jlAJI lull jLaeji ^j-4 

djLo u ^yic L$oj_i_«jj 3jUI CjLjjyjv jl CjIj j V<1 

^j-4 J-3 Jl-D iSjv iCjLa-)LLaJl ( j r 3 ((jm_>JI 5JL 4)) otajjj>JI i>JJt 

oL^ol ij r (^3 ^Jb 3 Aj>» I j yd ^_La i^JLj 14^14 1 

. jlj-U oLhj! ^y3 4 £j^_) X'iC. t-jy£ 

Ijl_j*l)l ^Jt 4jjjU1 4c. 1 jJaJI 4jJl4j 

JI^lVI CjI j jJ> w\ II 4 j A l llA 4.3 AjJI 4jjj^‘i < v 1 CjLj^Ltl ^ i i-n" ^3 3* La^j 

4c. lli^n 4ja, IsecuJU ^JlLo t , Ij 3 1 ~ 11 3jujui 

Cj^U~‘ i ii I.i dJjj udXjiKjtl j 44 jL^^ h ^4-InJil J_3c 1 ^-jli^Vi ^ 3 

Microelectro Mechanical Systems (MEMS) ^ 

.Nanoelectro Mechanical Systems (NEMS) 
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I ^ a ■ k*13J j tjJ. I l_iL1j^>J 
SjL# ^ In ^ 





(-) 


^ ' ■ -j ~ 1 I u_> 1 


J5L» j* ■ * ^yj^jZSJ VI -lmi LX 1>— m^yLd. I 4 1ft mi I jp j4_uo (1 ^ ( 8 6) mJ I 

4_£ Li XaJ I 4 *X 4jLSL<-4 ( 1 —I} . (24 j jj I ^ 11 u^S> Mij^S^q-) 4 i^> Li>%J ! 3j_»l 

JSLjJLi La 3jLa 4.^-wjLjJI 4-A^XaJl L _ y lc, uLj^>JI j'l CjIj jJ! 1 — 1 ^2 4j^jLJI 

(S). „ tl .., 

j^jj) 1 V->U (<y _i <wi * JIj 


^ylcVl jjJj JiuuVl AjjjLJI .il^Xl ^Luj ting*) * 

^liJl l—)J.l j iiVl jlrtjL) ^_y2>j\~i _i.Mll *.J>^>J I 1 Jlj 4) (ljr 5 L J^~i / > 

J-a— i_uVl» ^ —ljjLi ila-g-l! \ i4_jj-jLiJi jl_^JLl ^\ ~ il 

2 i jl^ ->* t1 Design ^ la ^-Lt> a i 11 Ijla 4 a _L4~ .((^ic-Vl 

Tailoring ^4 ^Lj_>- ^ J j ^3 < 1^.^1331 jl^>JU 4 _j^j LlJ I 5, v til 
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£dUl L 


jt CjIjJ -II jyO (j^Jll - L>w|jlII 1 gKJ.A ^_i ml CjL» 3 ^Lo 

“y 

t t3jj — 3j j iCjlj^LU olXA JjSLjujj <*• ^ 

jljJ.1 ^LlLlIJ L-3_9j t JK TnVl j jlju^M JuSfc^a 4j^_ilj J£L_j_A ^j3 

. 1 1 c. J|i^>) I 

^-TlaTu 4jjjLj J£La ^ If (Jj Irf^> *>1-! I ^Jl > U a '/11 I j A 

I L4J I ^ 1 4j jLlifljJI jl^JLI (_y3 5^J31 JUJZ ^->1 <jy £>I 

cZjIjjlSj 3j i*~t a 3jaju>. cJijLLbj 4JaLu^>l ^i«j ^jJI ^aVI *4 <u3j 

*^_i i irfVi L;t j3 4_j _i-uL-u 1 CjLjj^ 4J j.i^> 1 i L^j^O Juc J£l_J4JI dJ^J 4_ IjLa 

. 4 jj l"i •> 11 4_^LHI 3^4>.^l 

4J3JLUI Bj,jij—U ^lujl >In 4 > jjija sjl^JI I j a jIIdI 

jj^ 3 LliL 4 j^Lj t Jlrw t « L ^ r kl , ^l l J^ 3_i_uVl)) *_1 ^ J- Im\ jMiw ^yO 

: Cr A 4 . U ". ‘ U 

MBBs) «4 jjj^>JI 4i-i.1.1 1 cjLuJ» 1 ^_|lr ^iloj ^ lllj t3jULl cjL1j^>- — 

s> 

{ Jit- 3jjlUI 4.3,li*.,U cjIL^JI ojl^J ^^Molecular Building Blocks 

cZjLjjJ^>JI CjLa^l^j ^jj^Jd jljXI CjIjj^w j^-a La^j£. JoLijjVI 

y 

. ^jj-o-ill 13^ 4^1111 JS'L^JL) L^J^Lai jl ^>~j 

lLUj t.t/1 -j^a ^xLa3_i_uj t4_3x3 J ^ 4aj^La _Ld ^51— 

. L^i^ljej _J lj-ll 4 jjj LiJI ^ ll) 4^jjj->JI CjLLlII' 

y 

oj. 4y. V1 ^Ii^aj A rtlv.ll 4 jjjLxJI J^L^JI l£ 113 (. 3j JluJI — 

3Jl£. I 1_AJtLsjl ..jj i a a ^ (^l_ jjcj>.VI Oji i j^> 3_3j^. t tl 

. Cj l^~i a j 11 a > 3! Cjl^-ajj^ _i/Q 

a 1 (jr^- ^^y-^LijVl 1 In a i 11 \lx —A ^jl (^yJI Li-A ji <1>f (jl -*3^ 

(j^SLi.1 4 (^yluJ^-^JI »l.l.t 11 cjli.iK Lfrxl.^V~ <»»lj Lg mi.) 

^-j-aL3ejJI 4 1 i a~\ _i-uL) i4j^jl_Lll 3jjlj _11 

: U-a ir^-y (^1 4 u3ill ^Ila ^,,.3 nj . Molecular Assembly 
LajT L^jIc (jiUj ^1 j ^Positional Assembly ^ ^->“1 1 - 

.Robotic Assembly jl ^Vl 0 

.Self-assembly jJI - 
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1$ fUdll 


Jl 4 j r a\ j-1 _JuJ 

u-dLuVl oiti ^J (Robotic Assembly ^jjjjJI jl ^Vl 


LajI <_3jju) Positional Assembly 


-So, 


^jil ^ J ,< 



4_SjjJa t_ . u 2 .yljJI (jyLi* 3)- x 3_il—dJ ^jjJI *lldl (_yi3 ^SLdlJ 

. 3_>UU l^xljJl J£dgJ1 Cj\ _JjjjxJlj Cjlj jJI L_«_jJjJ 

*Lid 1 4 -CLljuo 3_il—cl -*-~ ■ 1 <JJ j 9 j_>JI jl _L.. 4 H i-liL_i 13111 L i l l*i 

3jJoix 4_doj_>J 1 j| 4jjjJI 4 K j g 11 3jlcj diljlgC 4 _i^ljujj 4jflj 1 3_}LdJ JJl 
LoiSjJ t JisxljJl jujajjLill 1 n a ^ylc i_lLJjj . ^3 ^LscjJIj .3jL>-dj 

dJj jJjlaj ^yfl ^j^sejj . 4_jJj Jju^jJI dj-ll ^ K j^ 11 Jii 1 fW a j-rVill ^jj-dJ 

. 4 jLi_U 3j.it ir>j 4 3j4J Cjy/Tj 3 j^jjx I * L_) LglSjj L^JjJlS ^JJ 4_j_L3jJ1 

3j_p.V1 Aj^UlII Jj 2 dL jjLJI LjxjJj i^J £-d l^ll-xj 4jj_tiuJl lIj I Jlj jl JlLa 

uucyill I 3j£La D^yic C* i aj Aj jd-rx Id 1 j 4 Ldd 1 J Lix I_c 1 J i bt 1 jj-3J 1 ^j-c, 

Jl£—JLIj ^ jLd 4 j_lA ^yic L^_ljjjjj 3jLU uii 1_Ljjjxj cjIjJu (_£-ij_3JI 

U 44 .L^ldl d jJLl 33 ^-xVl J^L^J Internal Structure 4 jldljJI 4 ddl 

* 

Jui3 >JJ 1 >111 j Lx jlj . lZjj t !/> jl L*_iUj| jjiJjL3_a Cjj_l£j L^jaLjtJx! Cj.— tb 
j^yjjj^Jl j--j»ddJI 3j£Lfl 4_lc a > J_11 ^y^-jJl 4jj_Lcj 3j£LdJl 0JJt> C* , li£ 

dJj ^a-laLLa j3 ^ J Jadl .Molecular Manufacturing 

jljji£Lj_i dJj-i ^JLdl ^1 t^^yjjjjxJl j_jjj-dLll jja ^jjljJl 

, (26) 1981 ^LJl Js dJJ^j .Eric Drexler 

J3 4_j t — ^Ld— 1 juk {JJ s \ j. L> v a jj^i ^ 11 < 1 j - ^ jj ±~l£ y/j 


3)1 ijjLJl L^jJj.tSLil 3j£LIl 4l>*j_ll dllj cL lau 5C 11 »Ldc 3 ^ ^j^-«uJ *\ 

3)J^J-3j 4j_oJlx^J1 f. Laic 3 hQ j a C ^VjIj 3A^^J*^dl ^-4 jc- 1-3—Ju I IjjJ 

Jt 

Ljj i ~x Jl iC LiJ LLxj 1 LkjxyLa 1 JLA> . 3 j £Jja 4 j3j3-x 3jjj j sej ^aJLlII 

3ju 5 dLljj 14^1^x11 ^_yj->“J 1 ^ i a 4_Jj jJl 14-j.d-t 11 lIs 1 j-4JJJ, 1 JLacI CjLuuLxJ 
j^t it 1 jLx I 3r^x J a i*>j j-o V1 1 Jufc J t 3“_uj 1 j . Lj-La LI 1 3)J-d 1 3)ua Lli liii i Ud 1 

j ^a- * nJj .j^yjJjjxJl ^LJju-dlJl 4_uuJJ L^^ylc ^jj3_j ^yjJ 1 3j< nJl 3)^° L ^~j 

^j)ii n 11 nily/ 3 ^ i< tt Lj 143 K^t 11 ^dlLtl 1 ^_l3jlJ 1 Lfcjulu ^ ij 1 < u I 3 ^ ^j->.t 3jL 

^LuV 4 3 h V 11 jljll CIjIjJ jua JjaldJl .^J^aJl J_Lo ^ajIjJI ^JuVl JdaAJIj 
.4c.jjjI1 4jjLuaj£J1 cjL£jJL 1 j cjLfcllU 3 )- x >—s^Vl ^ dsLlLl cjljjy^x 
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^Lilli i j r a 4jLj.il lLUj 4djX3 J-l-aj i^jVI JLLdl ^ a. 11JI iU * njJI jjL>u 

<( ^ a. I % 11 3 <~iIjjJI» jj>. ^jl jL>*Vl dy 3 j-±j£ ^ j-!l t jL>JI ^—JjlII 

4^>* dy° 4_^_i_i^Jlj »Lj ja!I *Llx Lajj t4^>* dy° ^.Ljw'i/lj ^.LswSLI! ^LAx dry 
dy-iLya ^jj L^Jjioj tj—»LJI L^.jJjj£i CjLarlli J—jljUll j-a_iJI j-aj . ^j—:>•! 

^11 dry 1 _la 4jL$j j-La 4jltn!l cj\ Sjiln"!! 

^LliJI jL< 11 jjLjJI *L>.Vlj *Lum£J! »1 gif I Juj lOJub «4 4 i ijJI 4jjJaJ3» 
> cr^! Jj-oj ^jJI jxTi\ t4_L^Ju^Jlj *LjJyiJI » Llx dy° ^gjLlLI 

I JuA d)^ <—IjyLaJl dy°J • jjLI! 1 . jyjJ j K“> CjLojjJoj ^JLatjfl (_y9 ^j— <-u I CiljUJI 

, LI ...jS/i ^J| t jjLjj| ^JLx 3-iLjjJI Jjj dy° ^ 4 jL£j jjuj Jj—>JI 
((^jjLUI dfcSeyJI» 4yL C«iVJ Lr^^J *{jyaLJI ^JL*JI 4— j^IaJI 

^aLiji mix. j^LL ij-a d)i j^j *4j-udUli Cji^-i—mi 

d>jj 11 d)l n~ic I <Ly llJI j_£j~ i iJ. I ^ixj . LayjJu jl—i_u^jV! (^5 1 Jlj jl<3 

Lstjjudl jj LHI L>»jJjj£oj plx q Li Cfuu *jlI dy° L L t IjJ I I Jufc Liu 

4 4 <i jH, I LjI L^xAStJLi i LU yjLJI jjLJI 1 jyjJji£j «"<Tr~4 JlaS l£LLa 

jl jjjJI IjuA j-Lud J£—I d)l dy° ^!M-LjI dotyjl ^ —a —mj 

jyX j_>- Ij ^4>s (jA *uaiej Jlvjj Vj 4 LdoBJ i iAuaitJ Llo JSL3 d> IJ l J^3 L»j 

dnLsL^ 1 mIx d>^Jj t4.Lo ftVl dy° 4__Hii') jJloII L^J .">1 -4-~.il ^__u^jae_a 

Llolji>.l jLa idyJj^^l djL^uaitj jJlijj ^jJlsej d)l ^LJ1 cilt3e_jJl JLa^o 
d^x LL^jU Ujj d)lj 4 jI jj ^IjJI u^fcj d)l 4t-iLl |^j!j . LjI i^i^i‘>"«1 LjjJlSjj 

. 4jJjj j I 4|I^> <") ^JL^a.c ( jxi%jJ 4 rtjlnjj 

u_a^Lmi l_jj_lIij oji (j^JI y»L_I ^jj£LII ^jLiil d^l La 

* *. * 

*L>.Vlj ^Ljuxll dy° 4-uojLu'i/l ^jltJI ^j-^l (jy^l lP »L»LJI dry 

L>.jJjJij 3 jjj L^jl i _ jr lx <i rt t^>jj d)l ijr& 1 ^id'v Ij jjLJI L>.jJji£j ^jJlx 
Jj^Lm SjUU cjIj j 4 Ji_i_ujo d)W 4 jI- y-II (3^-^ LLJ .4 jjjl>. 

^jlj 4BjjJua 4..L < nj iO jL*j1 njjLia JI 4xj3ej v d>C- j In < II * 4 L ^ 

4_jJjVI jljil dj-^ <-il_Ijj .^uJ-illj L^JLo OjJj>J| 4^. J) t 11 3^*^ L .A^ylx 

dya 4xj-4-?r 43 dy— 4 4_Uya ^1—i_uVl {J ^ ijr A ^—j i 1 n" ^—3 4»„ ltvl jJl 

4jL^ 1II ^L»~i 1 L jlajLi ^_<a Lfljjajy <~t If Lajj Cut.4J>u iCiljjy>JI jl CjIjJ II 
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'v- t4jJ l jld’ill Jjufc jl -\ oJ . 4 jlr (Jj) i^ ~>JI 1 - 1 j lla 11 3 jUI _jJb 

^j)~ ( n a t _ T lx ^3j^y\ 3j^oVl Jjl3j 4x 1; ir> ^3 4-ojJtjj-uIlj l^-Lo 4 jjJ_>J1 

4lol£JI 1 £lX AJ A Uj "*■ C jyX jrjLuO _ ClJ J-ULJ i^^xl ddl ^ICjVl 

cUkJI Cj lo»j) 4 In I Ldiij — ^_llll JSj £> (Jolj ^jjJI ...ill j| L-t-p^JI (_ylx 

idJjL^a jJiI^jq JCou jV CjIjJJI dlj Jj-ALj (_ylx I_gJjd ^a„ixj — jrUoldlj 

. 3_}Ldl ^jjJI J<j g 11 4 a tVi i a j 4_uj-i3 

(j-a 4 3 h tt l1 jljJJ Cjldjo- jl CjIjJ l 3jinJ) 1 mil j)l£j 

j 1 cj!j j 4mjjo 4 —lijjo. j 1 4jjj <J£I—oa Synthesis (jolicj jj. ~v i 

jyX (4 j^jLlI 1 J£L$1I Lillj Jjjl'Vn 4-jj 1 jII ^jjJdl ^^. jlj-ll dlj Cj l jjjo. 

^-uolJx CjL 1)>3. jl CjIj! ^^ix 4 j^1>JJ 4 A\~iir II JjJLdl Mixing > trd^w (Jj^Je 

I JlA ^jjjj . jldd 4 j^j III I J£L*j 1 c LL Cj I Jo»j£> L$ja I JLstl_ ut I jl^j Cj Idj-a j 1 

djdjj ( jj^JII ^Jol J djoeCJI ^9 Cjl5j)oJI jl CjIj jJI dill 4_t-oj_U1 Jol _loJI 

Jx 1 3""i 4 L$J j*, lU irfVl 1)1 ^_ ua£. i^jdVl 3 jUI Cjljjjo. jyX 4 joL) 4d 4dLifc 

4 J 3 Ju Jo- 3jLo dj-fl CjlJjjo. id!j ijr B 4_j^da L^j ^jj^alllfl L$£jLuaj jl 1 $jla 

.SjjLjt^a 4_>jj J£LjjS> 

j^X SL>uLJI CjLxjoJI <jl 4 jljJJ 4_t-ti,ii A c-1 dx^ l)^qjL j^j o 11 ^j 

4 J_till! I 3 J Loll 4j^jllll 4 _j_LJI jj*! >11 4_ojLy^dJ I l^v 11 > J Jj 

4_Lx t.fjtjj ^ils^lJI o^jy _lx L-d3j Random Fashion ^jIj _iix <_j^J _i_u l» 

jj^Ja 1>X ^djoJI J-—jnmJI 3j-la 1)1 “d_J l)JLhL9 -^HaUlj V— 

./ I . J 

1) 3111 ^SdjJI LJ ^jjJ ii_-i£jJJ CjUj^o- jl 3 jLl I Cjljj j —Ci Id I J^jLxUI 

Jg 

^jjLji j<:dW 4jii v oj cjldjoJI dll Placing ^.1 is j 

. 4^jJI 4_3 jIj9 Cj 1j)!r>d I i yx> 4 1 1 nl 1 u 4 U ,_,.Ij_i dJ jj 1 3jLdi 
4^a JlxH— id I ^ t ^xqjfclll 4—3jjJo Jl ^1 l—IX| JM—Cl I jj I Jjij 

Id- i Ljfc^^yix (J j) I jl^J.1 3 jUI JSLi^j cjUj^oJI jl CjIj j Jl l^i-hjC 

Undesired I^j4 i_j jM-X Jt 3JJ) Ii-t3a jiC. dd*' Cjytx.L3 j « Jtj-Ci»> 

j I ..IrtiV j I ^j-« JlIx j Lo-V I j_a jd^ Cj Jlscj 1 iReactions 

(jj& l_j djil jmx. cjMxL 31!I <dlj .4 j 1 j113~iII 4—jjL-ftdJI (3jdJL i 

l^i .1 j jV jjlitJ i4j^xj-fl^_ix CjldjJ CjLjjjo- j^1 JL>JI 4 jl-ljI n.) L^jjJ o- 


109 


















cr^l lSAW <S^ >*^! t glUiJ J^^Li 

” - f 
j-iy Lai 11 j ju^j _uni! ^jLfllJI ^jl Jlij . {j^xLajJI jJn 4 jI j! (J7 ^ cjlj^ajJolj j_Ill! 

^Jl 1 _L9 i f. [ l+ jCI I fjln 4-«J-5lX! (JjI 4_u^J!j CjIjI a 11 1 ^IjLrtl uj I 

l_i C_J_jJjlJ! 3_il_jjj i^LujlUl! oUJ_^uJI dill j 1 4 >1 Tr-j 1 

. 4 j-vLuVl 4 jlUKj c_i^L_oV! 4j Jfl'" t _ 7 ln 3j^ln t 4 j^_jLl! 1 JfiLi^JI 


jiwuj aj £La ( Jj^>u (jr ^ infill 4 _JL«Hjw| o ill 

^-^11c jjliaj ^Jj^u t 4_1j_ojwj £_s!j ^1 JLg>- J I ^lv _ijJe_a 4 j^jIjJ! 

4jl.gr dll*_4 aJJb Jj 3 ' ^9 ^J, juiiitl dl! jj tf-LjjjiJ! g.1 glr 

IjlA ^ji 4 j3LlIoVL> IjlA ijjllll lojfc.iSuj ^lu La ^JfU aj&^A j^IoL^k! 

y 

CjI ? :,,U1 (j^a 4_Jaj^jLll 4_jjLLaJl dllj (jA 4jj. mu 11 ^1 Jjfl j < <» l)l£ ^J.^ut!! 

y 

4 i j-k.j 4 j^ 3 4-g_L*>I ^Jggj iu 0^ ^ jJI j-xVl 1^4jjteTu.uJ i _ ;f lJI S^IjII 4j^jllil 

. f. IjjJlj c—fclaJl Irk 4 ^jfi^.b/1 ^^inj 1 4-lllie-11 4 jiff j tlryjl O In 1.1a 311 ( J^al 

^ltl! (jgJfcjJI ^4*il ^ a « j. 1 1 dv_)jJ dJ^jl» LwliS JLla iUL Ljj^I 
JLgn I jjAuo dll jj t ((4 j V^j ll)) 4-Ltjtj 4 j9jj *v ( j_4 4_i ^ajual i^j.a iC. 

9 

JlSj 4 1 981 ^L&J 4j'Vjj-yaVl 3, Xaeljl CjLjVjJL (f4 jiU^JI 4 _^oj_51^I d 

4gajllJl 3^^ < 1 II dJLlj i^l i a ^i i^alll 4 jJL3j 3j£La 4^j^Jl &JJb {jr ^ 

clilji i^LuVl j->lll! lx>»j-l^<^3 41_ ml4 i _ 7 ln 

Molecular ^ n j-aj CjV|)> 01 * 3 j^ I Jufc 4."t.Jr. \ ijy 3 Jl3j . 3_jl_11 

y 

Living Systems «4g^Jl ^k;ll» ^ 3 j^>.^ 11 Machinery 

y 

»4 a 11~. H 4gjjj»>J1 4 —uuJlL^JI)) CjLlLoj ^y£. CjLlj^LU dllj 3l^Le^gj ^Lx3J! 

y 

4_iii LjJa-ua 1 djlij^Lg ^Lj] o^ LiSUj ^' Advanced Molecular Engineering 
4_ilo_>J1 .~>l 4 j 411 ,juanij0-^' ijlij 1 U..,!j> ( ^jL>~'n<n 1 4_^jUdo Artificial 

. jdajjllll 4iJ Jo dll!ij i L^rwlljl <_ijn^ll 

1 - 4 j ^ *<Vi IJlA 4_id)jn ^3 ^-l__*_u^_)j)_5 ^ Ir>r 1 J^3j 

y 

4 j ‘i j^->d 1 Cl)Lo£^lIl J4> Jl lluj I Qjj- t—fc T 1 Aj yt~ 1 I 0 Litll 

d j3-.3 ^\\ 4_j 1 J^J!j i 4_o»J 1 L^LkJl 1 ^j4 Lg_j ijl^ll ^j 4 .~>J 4^nLdn i^iVI 
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£U4lt I iiifi+i 



j I _ lIij e_3ju^j djlil cj Ij j ^_a <._*_c.^iU 

t|j4Ull £_—<w^--a jJ—>- li^_jj j I . 4_ufcl_ilLa 4^ Ju 

L y±^\ JjLA 4 3j4jJ' 4 _jjjLL1I CjI Tr~l iU ^yA JuJutJ 4 j m.WA i 

^I •>-“/1 (ijj L^jLo-i^L a t^jj *. JuTJ 1 cj^Ll-s»^ Bearings ».L>J 

. 4_ijjj_>JI^ 4 —jj jJl i *Vi j 4 ^U*J1 dl£L>JJ £.—cl^_) 

fi 

4_L=i i_u1jj L^wllii , k<i~i« U ^^Ull t^jLo-LlI olxJt ^^laj (9 - 6) —jJI 

^L*J1 4jI^ ) j! 1 4 11 a X1 j _ lIujlJ I <Zj IjJ _i_u_ll 4jjj^->JI 4_ 

1 V~i U * *>J (10 — 6 ^ <J£! JuJ I . j-)>\ a~\ ^ ts-ik 1 \f 2025 

^Molecular Factory ^m^U» 4lAc. U Lu^lj^l 

—ilijj \ t ^aj LgliJjLJ ^ju 5j.jt /.ro 4-L^La 3jLiX. j-A ^ j_II 

. 1 ^tj(ijt^JLI 4_ijjj_>J! 




4 L^ji <a i «t i«qj > i jJ > * L-w^ ^j^-U ^ jL»j :( 9 6) ^SLlJI 

4-4iZL>tll I wlil-.ijy^v ^_yO Jjl_Ld [ _ya L^iSLuA lZjD^SL< 3 ^Jl_J LLj >'h>i I J*C ^Jt 4 i i it, I 

4_j_i_*J,I OLLj^l>JI ^i 'ihi'i uVi 4la *m Ij^j t I_L& ^ \ C p-u I j lrt~l >1,1 ^y» | _ y jJ I 

. (27) sy JUJI 
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4_/a,.l V~1 Lull 3j_£>-VI 4B J)^ 3 j«1B ^,.3 yAt . ii 1.1 ^j 1 111 <d* 11 Jl auJLjy 

L^. \-^=>y I l_xjj^3 3jL£.^j i 4 n-a-11 jl^Jll CjLjjj_>^ CjIjJlj <- ic I 
l-3^j-u i3 jL^JJ 4_j_LxI jJI J£U$JI i .i*i> 4_iLvljJI 

t4-J (rfal! I 4-C. 3jl_C.I ^yC. 4_lB til Ji.iV Lcuo 

i3j^l*]l 3 jU1 yA 3JUJU1 jj_ua ,^-Ul 3 jJl 3JI ^ '/1 j l_4-4 

. 4ajLl4jSLJ I 1 J tsS JLV^j 1 i L$J 1 4 i 1 g l^->* Llijj 

jJI L-i-gj^-11 3jl f j Cj 1 j / 33 c-3jJo^j i 1 -uiaji y LVj i 1 \y (Jj— a Li! yAy 

3jI^.L) l£U jj Diamond ^Ul ^ ‘uj^JI^ 

4iLl cuj JlII £_£jJI LT^" i4jjjJLlII l {ft's, I —i"u Jid J CjIj j 

^-jl^ _ jl ^Lijj o'i 11 ~4j_ <-uj . 4^-j_ iiJl cLij ^Ul olj j 

3^U 4jl~V-1 jJ I 4 _L1 t 1 L) L_jX.^_!l] I ^C. 4j_! VI L-j _I_ul^j»dl 

l^jlj^SLfl 4 i4_|^tl_9 (cl^^*- <^all JLojJ l ^_4uioj^JI J^II) Kjlj 


I j-t^L i£L CjIjJ ^yA 4 lx \i's> t - < m i 4BLtia] ^C. > 4 j I 1 

* -iljll 

^j-3: ^jJI <_^hj>*JI ■uViJ I T^y ~ 3.4 (^-Lc. 3^^ lIjI^J uu t^ys\A > ^4-J^ 

11 frLgLdl ^3“° 4 jljjI ‘1981 ^L*JI y\ l - u SL jjJ i 4 j 

^ya ^>-1 _) jl^—I jIj ~i 31,1 I Jl A IBM ^ 4 

Scanning ^ < nUL I ^ <i <1 j. 11 >_-il>I ^ < nL <__b^ju cjLi^$[ < I 

^jJI _l^jj^jII lj_A U 4.Tnj Tunneling Microscope (STM) 

4_1jL^. »3 i 1 t « 1 — 6)) ^JSv— 11 (j, B 4j l jUj U^-~ 1 ^ ■ ..J 1 J B 

^1 Scanning Probe Microscopes ^_^UI jU^J.1 ^ 3 j^-± a 

. LoJ —<_u 4 _i£. LIjJ^J (j J i >i JlII t4 _)j jJI 3^_3J 1 < _3_ ^yj^jLA t*\ J-^a-S 

^^B cl 4 1 * JI cVj-A Jurtft l-jI^LII jj-« J '*^^11 Lj^^j L 

^_i_uLU ljr 2Ju}\ A' I 3j^j>-^il 4 n j4 jJ I 3 ^jVI <—3_jJo y: 

c » 

J-4l_>JI ((^jjJj^JI)) y 1^» If Cjljj JoLfljJl ^_yA (^jl I , «it,l ^1 <|4- U -Uiij) 

7^-La_*_u (jyic- yk 3jo.l y \ $iyy3 3 jLti V 4 _j_aLHL« 4BJU 

L^_c Ijb t__3 Ly &a «£y liil I j l.au.ij Lt_4 _liilJ i I jJb ^yA j j Li 

.(7 - 1 (JSLlJl) 4 jj_jLi LkjljLjij 
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>_i ^SL_ t ii 1 I jut 5j jls ^ylc. ‘-jjl_add I <Za _j 

4_ju2>L>J1 CjIj jJl JJLC £.—^j->h-) jjb JJ-L? (jl ^3 

Nanostructured 4 j^L» <jSj jLUI ^ jUjj t 4j_>ULc ^ 

<_3JjJU jJI 0 Kj^ll £l_uJI IJuA (jl je-uajl (jl LlA _ijlj • 

J-X-4Xj 4-JJJ) J^LaA ^yjj 4 3 h ■>li jljl! Cjljli ^«-ud JJl£. c j-0 

L7 jJ 1 4 i>i^l u..l' _>JI ( j^a Ju Judl l £k°> £._o~ -y, i iS.i'v <j-a! 

J ts\ \c. {jC. LJbjJU iJliiXI U ^U*4 . Juadj ^_£j) j Jv j A (jt j3 i < uj 

^!Uh V 4_l£Jj ^*v 11 I (j If 4_^UJ1 4 jjJ^ (_^uLrt_lJI 

^3^.t‘/~) L7 jJI oLtfUoLajJLi ljj.3 lo 4->al _i_ul ^jj 4_i_Ajj 4_i3l^ 3j^l i^aj 

4^1 j^.A.^a.-v. timll ^3j3 (JjoIjjlJ i" "i 11 ^lr>4 j_La_i-ul I ^ i4 

^>0 d , I* a 4 i ui‘) l Iilts> I i jLo . (J l * iu'i 11 £ LjJ I ^yi3 D<) mm 1 IJ JuJlU 
4^>.jL>JI ^Ju-ajJI Lj 7 j3 4jjIj daj t—Sjj—jJ»l t JljJl>J 1 jJj3 

* £ L^l Ij 3ljj*dJ 4ijjusjJ 3 Jljjk 4313 C-l 3^J I ^y^ a"iJ ^ Jk—llj 

I juA ^J-ll -St-lil J ts^'iC. Cjljj i jJZ l_3iJI1 -Ii JSL14JI (J, II 

ji 4*ili I I j 3eJ 3 juJl>» 4—jjjLj J>I^_I» 4 _jj3 ^cjJl3j 

JjuaJL I jut SL^aLol nj ^ .^Tlj CjI^L^>U 4_3jL 3JI l^Iuajl 3 <n w 

ij)cr^ / 29 * 28 )i993 ^l*J 1 £LoLdi ^>.1 l3^>^ ^ 3— A 

i^oJLnjJ t£c_«_uLU ^y 33 ill -■* iij^^-i-li jl 4_La_ CjdJ l ^' 1 * ^ Ju 

JuJlj>J1j 1 sc <!i _ iS\ \c. djijj ^j-o 4_3Jj>a 3jU4 _jjli 4^ajlri / a id—I Ju 

. 4^jj ,t.( nA J-±C- 4.J$IJ ) IfLuttj 4ojLj_i3 l^icj 0~n (11 — 6 i~i 11 ^ 

2U4II oljjVl cdLl:^! c-j^i_ i_u^j^_jJL 1 1 JuA fuJajI i^y\j>dl idJli 

^ ^ * 

J' CjljdJl CjI *UU3tUS LlA > / ^ 3 1 ^ Cj 1—^— lm\ LA^^yi^ (3^ Cr^' 

jlL« j.^3_cJLl vai]\ ^ ^jJl ^yi^j .Assemblers (^>1 

>~4 3j ^Lol Jl j Lo 3—O' Lr^i j_ 

/> v ^ l 4 jjjLj _il^y_S 4^.3111 CJ 1J i 3*1 !1 *../111! 3^yl MM 11 4_-L£. 1 Ia^JI 

4_j_>j^‘i < \ 1V \ CjLcLLuoJI tr>4 ^JuALujj Lq-4 ^ IjuA . 4 j3j*\ 11 

J^yiZ. 4 _jjjj^ 3^LIV1 3j^V1 i 4_L^aL>Ji _tlJI j 4-l3-l3l>. 3j.3U 

. Cj 1 j) 3~ 11 idij 
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L>* 


LjljJ L y9 4 JLJ 3 II 3-LcL3 


^jis JS> tA 4_«S I^jJ. ^ mil I * a ■ JI lJ^S> I 4 1-^ 1 11 I^j ^ j La 3 j*) 1 ^ :( 1 1 — 6 ) J< iiiT I 


( 28 ) 


J-ia^Jl J. iaL ljIj3 ^0 <Uj5La 4_i^jlj OLa Jgu 3LLa.il I > 1 UI ju~i\c ljIj3 ^4 
.28 ^L^VI JiLlJ1 ljQSJI ljub ^LLai 


^^uUl iIj LijSLluJjSLl4 CjLulZj LjIJ-4 * 

Ijljpj jLJ L^jJJlcI 4jjlJLa ^-Jj^LII ^jLoJI (_£Jl.) (j-u J_u3 'u' I JlA^ Jjl 

4 j 1 -aX. ^jSI 4-lC. y i) j* ■ ■■ LIl j 1 »■ ■ ■ 11 lZjLj^Sw t u&jSL±a lZjLLuLj ^Ll V~i t al 1_ 

. ^JLLaJJ 4 _Ljjj^>JI jl 4 jj jjl ^J^La^JI LLjLjjj^^JI jl CjIj Jill jJI 


1 



blji.10 


^j_a 14_Oj_aJI CjLjj^>JI jl CjIj llJI .J^al «~ili 3j,La11 — 

. £jjud^11 i^aaJJ La^j l_A.i^>*_a c. < jav I (jL^-a 

4.<alV<ia 4j l^jJlLA (JL^—LuV 4aji ^J^LxA «.Lb ( _ylc. 4_naLaJI 3j Jl^J 1 — 

Lfej 1 V\ 41 jL*jl Ju^j V oIjljVI 4jjjU <Cu A (jyic. 4_aa^Jj 

.3joJ jJI 3j jJI j.L\4 
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0 Ju4 — I jl -v (jl — (V\ is\\ (j £ 4J J jJI jJlII — 

CjLjj^.>JIj CjIj JJI fj I j-A i(jl L>JI [ 4 * 4Jaj^_laJI 

^yic. L^jLcI jL%l_dUil i j->o JUfcj L*_a 1 1 Jl>. t (jr Icaj *4_j^lIaJH 

L^O1. L3T~| i u I ^yC> JuTUJL ^ Ijufej . ^C-LLu^JI ^LuVl - Cuj4 

V 43 j4jJI 5_^-^wVI 4 __^jj^j>J! £-x 1 uy i ^Si 

. d ,?j 4- 1 2*1 t*~ <1 14 ^ t 

cP! JO — 3 ^ 0-=*^ -jJI ^ 

oIjJlU 1 5^— £>-t ^ n^Ili (Jr^ -Jjasltil J^qjlIIj J £j>JI 

4j3^j^j £j j I (jj-Lc dh-iSKJ t <Lai lx. l3j J 3j jJs 013 Cj l jjj-ij-J Ij 

ui ^ 3 j^».^U gjiVl liIIj 4 _j _<13 iSjujx Robotic Arms 

(27) 

UJ 4*^ jJI 4-aiJl (j t <rr>j 4 jj jJI 3j_sJl 

^-j.» ^ 1 ^lc VI l±U3 3j jij 4 3r. I a a L$j ^j__SLa3_L! i ( 12 — 6 

mil ^Jx. 4ux>>JI jl 4 jj jJi J^L^JI L^j u3Jj_iJ L^jajpj Cj 1^1 

I J-^j 4 3lt*il I dLstJ^LJ 4_i-o^jJI 4_i_>m 1 jLL»J I ^_X Lj.i^aJ I 

dJL^— *13 i^jJI JajJLI jj>U:ifl J JjIJJUI j a ill I JlA j ]n (jy^J 

^yjjlJa * \ i~k ->J1 ^ 4 Jjl^J,l <__ i—u f ^Lul 1^03 *-i 3 o^JLI ^ix_ 3 tjJI d j »33 

jl^Tljl ^0 ^33^33 _4-U CjljUoVI ^3-^® ciJLLA (jtj 4.33 

i^y^jj^>Jl jf l? jlo33jJU ^jjJ! 3 jjUT i^aj 3 jljJl>. 

LU U£j . LJU* 4>ajJt3— t-uJLl 3j_^^^/l 11 J I J— 

jj) <■“l — 11 I Jub ^t Jl3t3*jjI jL>- (j] — LiiI ^la I 

Jx 1^^^ Jimil t^L< n i ^ 4 I U 1x5^)) : 1 4.t.l^ 

jij 3jj t (. Lj—l3jVLj SjjLUU ^3j 3 ^ 1 1*La f 1_ ojLc. (. 3 33 V 

I J-J V <~4j! 4~<l a~v- ^jl ^ ij 4 JLua3jj . _-L VI 

^JaLLoj 4I1jJl>JI ^! Jxl^a I_3^__ILa ^y£. j! ^jJa^Lu 

4^uoL>J I LijljjLLaj L 13 VjLcja c l_ a Ju^^j ^-3 i^£JI ISL j»Kja 

L^O I Ji 3r3 1 u CjljjJI ^Jl LlUj3 ^ 3Jl ^ .,, j, 4 J jLscjLi 

. J Ij-a-U 4 _jj jJ \ (. Li_) CjLLJ 
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(27) . 

^ ^1 mSijjj 4 j ,»La da-^ (VMU^i = (12-6) JS-AJI 

Liflj LjIj jit l ^y» (ju^U 4 _jMj lILj^o Dj-LdJt L$J *£jiVI * 4-4XU3 

L^aVt JSL-JJl ^ylx ^ <7iTl uUSJt l_L4> i a . ^ 1 V) a.ttjl) j1j_ 1I 1 ^ •-• ■ t 

.(27 .*>>.^11 


- Marvin L. Minsky « u ^nLo ^ ^jU» j-x 

£J^JlJ — LLLa_uaVl *L£j_II (JLj5£>a ^ <"■ ^-1L*JI »1 g 1 f. jj j-) I JL>. I 

n ^ j c^jIjJlL! LJ7 -!u^>iJ I j^JLjua ^JLl ^ ^ ^3 — l *‘ s 3 A C)-C- 

4_ia£Ut Ju-oVl Jj > L> J^X Ju-t3_J LLj I i ^y2>j.~i a i I» : 1 ^_l 3 JUa idj.i^g"u 

1 4 g.h -x- 11 olj^£LlI /ya C_> Lj( jy-lx [S3~ l ^-j I *jt-U J— 


jxixj ^jV I ^jlVi i 11 \ V * 3j^liaJt I 4_5 j-*-I.Lj \ is*. I 111 I S-* ^ Ur^'3 1 ^ P 3 

jj t . 4 j 3j 9 - 1 ^ lI_)Ij^£LI I tillj * LLJ j L>o V I I 

^ Li_) (jt-Ix Sj^Lil! 4 _j jl_i_j—jllIII ol ju»J.lj sy_^3-VI LijjJ q I 

VI (3>ju_ < -“J ^ I <*i A 4»Q <jp3 i^JLjwljJI 4_jjlill ( _y^ C_)l-)^£JsI c_aVT 


(31) 


■ L-\ ty ^ 1 ~ 1 


I JjJljl^ 
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cl)LiidJ 4_> 4 ~Ti ^ jJI ^jIS^jV! ^yl a~l!I £-J Jlj^I {jjh ^C^Jt ^— \jC. 

jij 3ju>*lj d)l— jj^j>JIj CjIj jJI i I j3^J t I^^-II £-—x^JSejJI 

4ji ill 4j^jLj (J^LlA <j^SJd _}|j«_J,i jl^j>JI — Ji ^j^j>iJ 

Sj^s J£ .ci^yi ( j_A ji\<\ 1 j . , IWm iNanostructured 

<_}>.! CjI^aj LuVjLsto «4 j^jLL]1 J^La lflj4 

ji CjljJ lII) ( _ 7 j 3 4 jjfcLoJLl <;Lj I tilij 4 ji.irt*<tl Lijjiji 

tfJLj^j ^jJI ^atlil ^ylc. i4>j l_j£. ^LLj I j l 

Cxii^Jl — ^jLJh.S/1 I jA(jVI 4 < » jJI JlJjjJij 

daliw La ( _ t I£ j!^JLl 4 j^jI_1]I 4_lLJI 1 \K a \ Ulij-^l 

— 4j _}Lwl CjIj j ,j^a L«Lu! — 4 _uLia_^JI jljJI ^a 

4j^j 1_LII (JS'l^Jl 4 idVij (jAiiJ L^jLij^v ^jLuaj 3 jI_}Lj 

4jU.VI t J^bJL S5 —^jLja^J' l^JMcUG ,j^a 4_>ol_L]i CjL-jj^j>JI ^a 4—j^llnll 
tLi-jJ 4 o-<oL>JI 4 riKuTlj Jl^j>JIj CxiijJl t±U j q$ i«^4AJ» _> (J3^J 

La 1 1 i.. A i d j Allj iZjLLl^oI^IL j Sjiill (jLao-aJ *4 jjjLJ1 ^J^LiA 

^jJI « L7 mi JULI»^jUj^ Personal Errors ^..u^All »LU^Vl j^-Iaj 

»« LlaiJlj 4 JjLJL1» £lu\ c_x3tjuaj 

j i_ ajLc. 4-djl_i_uJI 3j.nAJI JjL-utj j-xLaJL>j 

4j-oL> 4_L 1 j-a-^ 4 Sdj-La jlilul ^ 4 —ojI L) J jdl 1 1 - ol« 11 

^L_ 1 jV 4__j^jllll Cj\ j£jJL 1 ‘-liljii Cr ^ 1 ^ 3 -^ t4 j,l„4 

J 

^JAJeoJl ^ mb oJS^X. t4 _j^jL lii ^ <.LLlI I Cjl_ 

^ oiSi .Self-Assembly^,_jl jJI 

t (jyl 1 j a j*\. 11 ^t.<t ^JLtll 14 ]^ i j j*<.4-uJvL 11 4_L>-^a IxlLIo C* j& (j I 

oj^ U. LT lii Jj-oL>JI Jean-Marie Lehn _1 (jjU ^Lk» jj_ 

4_La_j_txiJ CjI aK (jj£ (■ I j ^a f \ 11 < <i lA>“ <1987 ^LJI cl j 4 XII (_yj3 J__j^j 

jjui% ftr.ll c^LiiSL^I j t^^yjLoLall i—jl^cU_ ujI » : Lj *4 ajac.j 

tc >Sfdlj ^><11 ^.»A CjJL%_JIj ^liJl ^ A CjLqJ^LII o JlA CxjI^ Ld-JjJ -»J, 5“—i_u.ll 
u« Jjlj Lua.^ 4 -ulLo ^_9 4_jkjLjj^>»j 4 jj j t 4 , 44.0 Cj _aJ 
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CiMilf 

i xjglLLoj^ L^j^-i—uij I 4u.j t-^-J 1 3jJjjuJLt lIj lyLa_>J I eLiij 

t Jj-o^tuaj £jlj ^j-xSUuJ 4_>i ) L 4 < n<ii 4-o^JH jL>uJ ^yii tljjujaJI g-1 


.4. 


Hall 


oj 4ul^>. L_3jj_Lb ■ mu >j ^jL-ujVl jj^lrn ^J [—3 J^j 
L^Axaj ^jI jJI CjLj 1 a‘J 1 Uj . iijj Lsj^-aj £_iia_i (jl LiJ^Lajj 

iliJ CjLjj^jsJI jl JliljjJI jjja 4x.^<a^- 4 l_$J jLiw j (jT xJI CjI jlgt II uiLlj L$jLj 

(Jj) jljJtl 4_ujj_>Jl CjLjjj_>JI jya 4 4 IV< 14 C_ai «<>,j ^LoIj 

t J£L«JI LiilU 2 l.jSJLI cAL>*JI0 ? j^Luj I ^lc. I jJ I ^X4JfcuJI 4 j I n~ ^L^ylc. 

4^LLaJ! £jJi 4 1^.44 CjIj^L, alA J^Lj j) IJ 3^_iL_u-4 (jl (jyJ] LqjI J _lxJ 

I cjLjj^->JL} daLujVI ^1 u t i i“> l^jLs ‘jb-* 1 - -lxV! I Jut j4 -a-~j 1^ . 4^*. lull 
i (j * j 4 •>") 4u^jLLII CjLiuJ (jyJI ^yj|_ lxJ ' SjLjjlj jl * L^J 4-gj^luJJ 

j. it& J JU1 lL U < ft a ux^l LgJ Jjrt *»-j La 4^£yvVl CjLu^JI jya £.—4 

(jr 3 l^«4lj-4j L$-*_JoIj_ 4 jjj^n 4 % j iUII 3jj j£JI cjlujju>J! j_ 4 

CjLojjjjuJI J_)iujj_>- Jjlj jjl *._i4'*-~iJl 4 jl 4f O^- L -d-l j^ 4unj->JI ^JS'Lx^JI 

Oj-±j£ Cjlujy>Jl t-lLluJ 3 ^u^JZj cLluuo l i LofroX, Colloids CjLjjj^jJIijJjjtjJlJ 

-f. 

. Ill 4 j3^jl 1I 4ufuju>JI L^lSL-A ^Iju 1 I^juuU *-4J > o 

^4 ^r""' CjL1j>>J1 . u (^1 ^jLlJI L^.i^~) l_3JL^Jj 

till jj iCjllj^j>J I lIUj ( _ r l^- 4 c&sr 4 4j12jJ ■ Xujw ^4 j 4 1 LiSj 4_jjI j 5 jj— ua_i 

fi 

Liioli 4_4J ^^-uuJj . La. 1 jfl jj 4uuj^->JI J^L^JI ^y.\£. Jj 1^1 ~>h 11 ^ya 

4 t j iUll La 1 inUj 1_4 I jl 4uyL) J^lujt (J^aA>JI 1—JjjJlA 4J (jl 

i Lilj j (_yJ 1 j l_j jJ_j_u L) (juaju ^ua I^JAAJ ^ 4 3euJ (jU Cj lujju>J I lLLIjJ SjJqjiJ I j 

4jyluJI jlyLI (J^lu-A jya 4 4-?e-uo 4 _Cj4 -y ^1x1] ^jua 1 ’<4 > 1 4jl _lx Ldxlby 

14_u lyJujJ 1 jya 1 j . 1 ^_l 3 L_iyy 4 uj 1 j4j^j 4_u Ljj_x3 l^ycu ^Jl 4 V) 

jJI Cilujj->JI l-lajjJj ^ 4^1 la n ^^9 ^jxj! tt"i 11 ^ 3 J' 

! JlA (J^Lij_ lx I (j^_4J 4u I ^>u£. t^yaJLJ Jua l^i^tj Cjlujj->Jl tjllj ^4 yj ^ lr 

^I Juwyj V oJj^3 jjualj^tJ ^" 14 V 1 3J jJljw jlyL 4uy Lj J^LxA ^Llij ^ 3 

4 J1 4 <r JLjXl <J 5 J- 1 -ui.l ' ~ 4x4^1 JusIjaJI jyd JJL£, jJllAj . I jlj-4 

’ (^yij I 'l La J * 4 ^ I *>- I < I ^ > A A 1^ 1 U I | A ^^^11 L^auishjj ^yj 1 jJ I 4 Jteu. 11 

. L^ 4^>1^j>- J 2ba jLStuLLxJU Cjlujy>Jl 4jtx±ia — 
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^dLJl 


. Intermolecular Interactions j-u t _|xLa~il I — 

jl£ (^jJI 4j^Cijlj JxLaiJI jl 4 _j_ljj cf\ * U — 

.Reversibility 4 -jIjlJL <uix 
.Molecular Mobility 3jj£ - 

. I 4_aJ9 fCu ^jJ I I — 


« 4 ib>^JI f. 1 i 4 jfl 11 n CjL-j-uu jx 4 211 j. ill <J^_LaJ I ^ Jcw| d U, 1 1 alx £t Jl*j 

^ 6 j> - j u^UI JMv J^lj) ,.>li i,r> ^ ~!l - Wet Chemistry 
jil 3 _LI Colloids djLjj^x. j _ A 4-iJajjX 4-djLLs ^Lul i^y _ 3 L_^ajls>jj 

JU—uuL£i j^^ixj t _>l jJU j>a 4 a In hr a £-JjjV 4jjjuaxI1 ^j£. ->!jl,l lil 1 j^J 

* 

i al^rTi V t" / j t4ij.>.U 4 JLjiju 3 — Jj-uaJI)) 4-5 lj^1o j . 4jj-LaJ1 ^1^ i.1 

f33) 

dJub 4 _j_aLc j__d JUylj . 4.1 i.j 1 L> SjLud L-ibt-u^ (^ ! I — $-ix 

fi 

Ij7 £ (j\ j^ AJ t l-Ajjy-lx ^—111 II j L^jI _juj 4ib^iiJ! 

jG_Ij1 1 t jJ lit I (J-u—uu j^^lx . jl JljJ. I i Jufc Ij7 3 Cj LaJJ^s ^ix I 

t 4jajj_LaJ| ^ jl^J d i j ..l z xi VI p i a! a t, I 1 .4,^,,, i ^jsl^jj S ' ^ £_>. I^JL I Cil &a\ j-d 

.^ ^ j^s ljufc »U 1 aJ 4j_uaie«JjJ1 oLpSLM 1 -c^-Ld ^litj 1 dl4 j^oJIj 

j!«~ J^j-saJl)) 4 . 1 I 4 X i. ,gj.dDjj f,j _>J1 I jufc 4 jL£ jJx OjIj J-3j 

Cjlj-La^x j>a <UAxteJtl J>.ljJll < £\ id_il JxL) 0 _ 4 ib ^sc. 1 i>i^j ^cj-u^J 
4-JjVl ^IjJJ oLu> Uid 4_jljl ( _ ;r ^ t 4_oj^Li]l 0 JlA I Jujj . 4j^jLUI jljll 

t («l»13 - 6 JliJI) Precursors<Jdl^JI l^lx 4 -lil__ 

cj^ixld"ill 4 y- jiij. jl^dJJ Alkoxides ju^il^Vl (j^j L« LdLc, 

jl Sol Jj-uaJl» ^ L« (j^id t Jj)UU cJlilj_i_aJl 4 jI 3 V 4 -p^l <^ll 

» 

4_djjuJI 4-djL3 4j^jLj CjLlli ^nT l-< i-uljj 4_i ^1 «j jjLqj d ■ ,~,l jJbj iK^jlj^jiJI 

.JS Mill 1 .^((L_J» 13-6) J-db l_4^ 

lLUj (jl ^ 13 JI 1 1 iSl4_> h-ZjIj_ 2 jj«JI lLUj jbul 4jpLi j^l l^iajj 

4 In 1 <il^j (j^^nll J^L>. j_d ^/J ijjLLLj jl j! ^IjljVI 4j^jLL1I j^II^jlII 

. 4^jJIjjjjSLdl 4 _JLx Aaj^jISS)^ 1 t iij^SLiXI j>a 4.^ tJl^_i X 1 11 Oj I 
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I? 





IfijU 




i 


,j-« Aj^jUJI ^Lxjj Jjxltj^-i Ja <^4 ^JajJaio ^_ujj :( 1 3 - 6) J*v iTi!I 

^Ujl ^ 4.4Jl3*l i-ull ^yijVl 4 djjJaJt OaJ L? _JJl .4-uUUI k J—>- - J^ <yaJt>i 4 rtjj-La 


. ^yC. LuaJ1 ^LLlIII jpLUl j1j_4 AxJ>±jio CjLl.cS 


j->l4T j Jlil] tdJJb 4_>1 jVl 4 jl <>f l j_a ^lUl «(JjjuaJI » pi. i4>~ . „l ^jIn*i < u )j 
4 j15j)j>. u< ii^j 6i> < 4_i AjjJiJ I AjJ^LLI I CjI Tr"i i llj jljJLl 


L5j 5 a l^U ml p*C-»-~II ^jlVt mi .t~ii S ,U 3 jj_ud [jy-2 l lr >—lm 1 

j 4 jf 

t~ij . (« 13 — 6 <u11 j L$J ^ U . ..Vl C-t-Ja-C 4JpJ ^j-a ^ jJI ^.1.1 _uu^lj 

jjlj-JJI ^LJ] 4_a jJtl—uJll JijJaJI Jo— i-ojI {_yA 4-Aj^laJI aJJb 
LgZuLa^J CjI Jl»_II ^ Li i m I AjJ^jlj ^9 1 ju aj I ^jLlJI J^ i 4-" . ,.jj . 4 4 K~i L^ls Ij 

itiilj a^LudVLjj ♦ liIK^VI j _JL J^TiJIj i.uJL J^TlJI —a 

<_)£ ilJI) 4_4 ^jlJI 4_1j1_3 Aj^jUI CjL-^JI — i-uja ^Lu^ « Jy^l I » c a ilbjj 

L$L£—Jill Lfljl iiy** ^J4>i cLU j Jju (jS. aj 1 4 a !"< ?r a jlj—u l j r jz -Am 13 — 6 

A \ <4^ USD I 4_JLl 4 il ua ^Lupl ^Ic IfrLa ) C-t-p* t<jaijl£Lli Ua— ljjI^j 

. 441~ •> 11 CjVVI^ CjLuSLJI lIjLj^- 4^ Lfrol 1 V"< nl 
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(« »13 — 6 —jJ I) 4_Lo (. UI 4JI jjj ^ i Juu «I» l 

t4j_a^Lfc jIjjj Lt^ 1 Jj? 4 ^ste,II Ijlj^ i_u 1 rtjrt^o t jutaeJ ^ jj! * Gel ^11 

i4_lLu3 VISLJj 1 l^jl t.<4>ij J< n") 4j^-)l_j lZjL^j _i-ujv {j£. BjliC. t^r&j} 

. («jj» 13 — 6 JSL^lJI) 4-JLc. 4jwjj_L 4£[ _ i_uL gj_a j_lC j 3^*J 

!jja 4 <il"< V,a {J^j ^-1 Jl£_ lLI j i 1 ( j r £ cLU,1i£ X^-~i ■! iij La ^1 

. ijg.lDVtj ^^uaiiJlj tL-SLiJV! (Jj-a jl^ll 

j> 1 iitJI iZjIj^i ,m.II l^i i^~ IjjIaJ ‘3^ — (J11 4_3 j^_Ld Cjjjiaj JL^j 

t j-a 4_aj^_LaJI ^jV 3 j-5j L#-se_JLj Lft-a 

; 4_JllJi <__iL±j_uVl !^_LaJ eili jj t (jy jl jJI a - *-" II 4 jl gf 
. 4^U! jl^JJ qm l *LJ 33 - “j L^juj_^_4 — 
jl 3 II CjLa_i i> 4_a-5t_i^ 4 lC. l'n/> CjI ^LljJ ^If. L_^jj J^5 — 
4_JLc. 3jl.ia h *JLgTu t4j_LJIj l—u^jjJI 4 , ,.U ^ 4_j^jLLII 

.% 99.99 

i Cj 1 j 1gf 1 4 <iK~ 4_dJ^_LaJl Jju — 

4 A l^_| iuJ1 jljJLlj vilji l I.gjl ^iflLtJ, 4 j^jIj jlj^Q L^J^L>. ^113 — 

, L p3L^jc_j ,l ^l 4 jLc. CjLvjJ Jlic. t4_i^!^ILll 

Precursors 1 a 11j^_uJI) ^,uA3ff~ill 4_ajl <_u 4 _jJj \ jl ja «. ja^Io— 

* 

. 4j^jLJI jl^Il V V~< i »4<3K'l 11 4 iAa V i aj 


i 4 

lt B 1 (gnjlS^j t _yoJI oLiililj CjljjVl lLUj t llA t_nxi-3^1II ,Jjl— uj^j >l irij 

~ f 

3JjJL>JI Cj(^ iii 11 i—aL^rXI ^ i^>\j<^j\ jt~ Jjv \ J-a 4 ^-Vi l,l 4 jjjLII jljll jLii.1 

JLss^j tj-CL^LJl 3 j^la?<. mi 1,1 jJ-cj 3jj^o jla ted—J l 4-oj ^ ^ 

0^3 lLUj jJjji— j*jj Jjtj_i_ul 4^1^ CjIjL^-4J jjLJI LcwjJjjSj 

fJb i L^ajIjU djLwjJtja jit .i Alj (JjjjtjJ ^LaJj ^1 4j^2JI 4-u^LlII 4 j4l>J I pflj. t \ 

.JLseJLl \jJt ^ 1 /LLoLail frLgltJI (J ^ LkjJaljj j-Ocj 4j-«_uLu 1 iV1 jj^dLuJI Jl>. 1 
LlLs 1 OOj 1 (jru(_^11 i4jjjl_iJI jl^i.1 jLaj 1 ( j J ijjLLa^1 

j\ t 4jJ.,?c,1 / u 4 -^Latjl jjLUI cl aLl 4J jj ^ jJl ^oufUl .i^»Jl ^Jua jjl 

ijy ^ 4,j ijull ^Lujl>.V 1 dilj jjs (J-al ill I Jjv I j j r a ,4 a)\ i,, 
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«***£dl# 

djufc 4_i^j lil^i 4Li■ »j Ju ^Lfl .3 ^ju£ 4j9-ij 4 _*JLi 4_jLulj 

tCjljjJI jj^a^iiaj jil^ifll jJI^Ial £_^a jc - a { j £. Ju^j Vj t ljj>.3 ^-jj>. 

. 4j i/^lJI 1 i > JlJJ->oj l^k. ^£L>Jl jj^a CjjvLJl t3^_Jjl l^o 


4ajj^5JVl ub^Su^iolt 

^ ^4 i Ijbjl ts^i il ^jlqi c* tl i La^> njLiuij^LI ^AJI jj-mJl lx^^^^ 

JU-4jlLa 1 ( < jx. L&jLul j^Jxj (jyJ-ll £ Li_ iIiVl JUJl^UJ j. M ai ^ -i_uJ V 

3^3 Jxj ^ jy jJI 14-iJj lA 11 CuLj^—ljiJ^LII J . JjoI^ 4JSJj (^XajjLj 

cl»La-i—<-*i^JI 0 Jl-A ( JlLa J_) Jj>u jiLo I aju^lx t a a~ i6j-a c_3J 1 £j£. L^_l2 J— 

^^33 4j^LU 1 _}l j il jLjlj I ^ j Li~i i_uj V Cii-v ijaL^_>.VI 4 Ij 1 1 <~Tt j I 

JjI _(_UJ I fUl ol 1 -^>X 1-4-1 . j^Lajjlj 200 {_y£L I 4 _ t-U^jLLa 

Electron 4 _l^£J^I oLi^L^j^Jli CjIj-C3 1 4-4 J 2lla 4 1 >jC , j ^ 

cAj^o j) Magnification *L._<iVl ^.lA" ^ 4 Microscopes 

jl^XI <■ djua^Jj J-1-oj) <j->a ijJJjj (3 j-4 > 5CJ Lt_ 

2>jji iSi 11 c 1 1 i"i VI jj^a 1 4 _ljI Cj Lij^5>^u j^5Li j I ^£Lojj^ • 4j^jLlI I 

i 

.jL^j>JI |»Jl%Iu-uJs fJUll 4 t .^lj Lflljubl I 4 U~vj tCjljjJI jJlLe Jjuw 
4jlJuI JlLa t 4_*jj-i_uj SjLC.1 < m a jj-Io ^l.lV~iiail ^CxJ Jl 4 4_jI ( j^a ^euijJl 

t ^ iX-ray Diffraction (XRD) 4 _jJ_^JI j^pJI 

DJuk (j I j-lC. t4jj^ljJlj 4-u^jCLll l^j / > Jii-o 1 4-Jr~iLjl 4 jj_)LLII 

4 3 i t"i i I 1 _>J1 Ju JutHJ ^Lal^ % t i A t ~i 4 _LaJ- 4 ^ jr 4u J j 1 a"i J1 

* 1 jj . djL^JLI 4 jjjJuJI 4^ i< : ull Ji-I J CjIj jJI 4 jLajVI ^uajuI a<u 

d^l ^ jJI I cjLj^S! _ juO 

In"—«_iu V 4_j^J i j r x> ^ jjlj 1 ^jLLII LjjwjJ^JSu (JjoLajq £jjq 

. U^J 4_i_i_ti^jjj 4 jj-dl 
J_ya 45 LL 2 JI ^_ I U. lxL* Jit 4—_uj^j£J^I i-ilijC vi>‘ , ,,">j 

Beam of High-Energy Electrons oLJjip£J)/l 

(j* JU L-SJl^J jJJ t 4-1JJ 4 >1 U CjLi^ _i-u^j^Lxil -I_all 


.jjuUjLlilj ^l_5E_>.Vl 4 ujJlLc frlu-tliVl J_u£u 
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'J 


Scanning Electron ^Ui l hjs^sju a,.v4.~ . ..j 

4*\j^ i >ilI CjI ijt )l ^_La_ luI £>■ ^3 MicTOSCOpG (SEM) 

- Morphology 4_i^- L^K_j, t 3jUi ^ 4 2 j4jJI j! 

‘,*J^ ! J_4> . 4uiVjL>JI LtjLul (J_u _UjLla Jl). jLJfcUJ ft_J-dJI 

£^-Ll l_a£ J i3j _4 ^j^jl A I ^ ^ 'J CjI^Q j—UlC. (j^U SjLc. J J- 

y y 

. jL$->Jl IIjl^J |>.vV"iiiU i433jj —l-uJLI jLg->Jl 

^2 4_L>.! jJI ^uusLIjlJI ■ \. jJl>u j^j-a —uuj^Xj 11 IjLA a'ij *CjI— 3 Luo ^ I 

. /> t iv 4 3 jl> 4J_l*J| t . 

iCjL^ _uijjiLJLI tilt ^1 JL3-V 3jj_ i^) (14 - 6) _iiJl 

(15 — 6) (J£-uJ I (^-U 1 A-'i-U i 4_J-cuUJ^J 1 4j \j^>- ^ L^J_li 4-llf L_SfcjUO 

jl j’i'vl uij^j LtjLSaJ I CjI iif 4j jjfrjjpa 5jj) -i^~) 

y 

4 Jut Jjuj . li-Lo. ml I 4 iLor a d)i aJo 4ujjt SjjjuaJ! ~ 0 yJt LIoJ I i L^ujuJ 

4 _ilr £j| ^£La.j Lo Li] ^uiojj idJuJiC. 4ila| {j-a ^JllLa 4_Jj_L*j iSjj-uaJI 

y 

. jL^jJI Ijkjb 4 L> , I S^jjJti.1 lZjLuaJLi 4 u3 Lw lIj Lo^L*_4 


^jj^Yl utjSL mjj S* 4i 

Transmission Electron aaLUl l 


j^Ul L_Jj5L_L ^j^SLJLI j 4 —ji til] j L j--2 4jt_j, t Microscope (TEM) 

<zJ& I^J I » CjlijLtH jluIiLlj 3\ CjL»J^u£Liyi {_ya Lc. i * ii< I 

w-nu-uD^JJ CjI IJ,,t,il £*_Lo_i_u I ^U! L u-uj^SLl! ijyfl ^ jJI 

4jjJuu LLaLUl —uijjiLdl j J ^~j i4oot_La uiJ I 4 j I 1 

y 

(jr JJ^U^Liy I lii!i jl- l.uA {jr $ JjIsjJ ^^uJl i 4 IJJlJ 1 ^l^urfc.1 (jylc. 

JSLuJl 4 ijtJl 4jlSLo 4 ujj^uSLIVI 4_*_jiVl Jl-J £ jJuua^o 

(j y , ^_uo ^_A L-4^ i luJiBl L^Jj^-uo LLo_j _i_u-c i L^J^L>. ^jus jLiilij i( 16 — 6^ 

i4_1jjlJI •>• u ^L> <■"« JI jLdJ jU-uaJj . J< luttl 

L^jolOteu^i t rail * j"j La-4 i 4-0x3J L^LukJ L^SLquu; V*j J->*i ^J-4 £-JL*5 

. 4 ^ . ,. \ 1 ^ * A \ 1 A ( T 1^ 
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fI miXI 



vi 4 >. ..<U) —wjyS-j.1 ^i^ji 4>V a _■ j~*j* gjj. u-> :(14 - 6) ^jsL-tUi 

. 4jjLiL_Jl 4 A <l> 4 1 4-C 4^a, ml ^ jjl . ' ■>- ~ ■ ■. VI lii'l it.ti 

^ g j 

4_i Lj^SLI ^ jJl 6 Ly l£. Lx^bya >j i ^ -*i 1T ^ U < In->o (^>u<j 



4 u/I^j LAjL*iI jfc I ■ ■ -•* 'yXI 

( 16 ) 


^->1 > I C _£i > **■ V 4 t *W y 3 j ft -4 3j ij .(15 6 ) ■ iti 11 

~iS» 1VI £_U/Ut LJ^SLluJi^SLjJ,I 
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Vl uisLiJI i-i <11 fL-_2l5 j^w 3 (16 6) .Till 

^uj 1 Oj^asi ]I uobo^Iajj .<ujbLJ1 4*ab* ^ 1 ^ <JM^* <—aJ^ll ^ ^ i-^~ -■■' 


(g) 

4jU^SLI. ^j-ut d(_ylc I >i .jL^j>i_LJ 


^1 4iuJw>Jt c —1 i k '3j^- jlLa <UoL>JI j-±.f\~t 11 5^3 

^y-3 — jJLo^jU 0.2 ^1 0.1 ^j_c — <LxJt i Ti a 4JJJ £-A i0j-A ^j^ala j^t_i 

U£” i 4-jj^IjJI 1 j lZL IJ oljjJl t. i SjLftJJ 4_xi>.l jJi 4 _j_LJI ^yn 

.(17 — 6} i’jill 

jjljJI Lx>» 1^*11 4j^-fl-I! SljVl 1 jJsljJ! c_i 1 I Jukj^ 

1 ^ K <iij LajLajI (j\ 1 4jjjLlI \ 

La^>a *4 j^jLL 1I jlj—U 4_ jJu JjJl>o ^JlC 4_ JjJtiS 4_jaLiJb^L) I j_A 

cJiib^J VxS . ^jjJ-JI l—0$U:t *i 4Jl 4 <LajLlj| C-t—>JU 

»-J - 9 4 _ 1 _»JJ^LIV! CjL^ _<_oJ^£_ill {_yA ^ll! I Ju 4 > 

4_a^LiLc t jl ^ <Vl 4_LaJL) ^JlLa *5_il -slU 4-ij jj^-j n \ 1 

^jps tciljj i^[ ^—j 1 jq.t5>LH 1 ^Ir>l— i 4-ijj.^11 4_Jj»ud^JLI 

SjLII 4±>J jJI ^_l-£>1_L±J! l/a-ulj 4 <> > jiaLill ^—uwj^SLJLI 
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»il)§ cUdll tfLid 

1-Aji o^>Q ^jX. dl_! jj 1 4_iJ Lc. 4^Ju l-A J 4_i_i_aJ Ju J_>oj) I 4 _j^_jLlJ I 

Energy Dispersive 4 jm,,.H 4_*-dyU ^njlnll 0IA1JI 4^Uo djlj^j 

.X-ray Spectroscopy 



LgJ l ■>. .» <1 1 ^Xl dLdx 4_J_> I_d1 4—y JI ^ 3jj in : (17-6)js_ui 

LfcjLlS.1 -£jI ^L_ajj) 1 . 11 <lSLi—JJI I j $ j >.^ . * 1 QU ^ ^flV 1 ■ ■^ | 

.(16) _l!I ^3 Lx TVI -l 3LJ1 ujS»< aX' 4Inm 


jLu^II ub^S> mji^SLya 

jf ^_4_uLll^ 1 ^jf cjLj^—L- uj^Cil' (jlia i LxL_u lj^£j L <& 

L J->-1 t Lxj 3 J 1 mn-b i4jjjLlJ! jl^JLI CjLLiX 4jjL^oj ^__pj ^ j bill I 

t»HJj J-lX. Lo i^J^LtJI l 4.IJWjjJj3J^i, I L^jUoljJ*- LT^ 1 — *1-! I 

^LJI pj^>JI i _ jr b Jj l^o-li \£ i c LijJL> o O' & __ 4 4^4 djlxjlt 4 0^ 

i4 Afli 1J 4 aj 4 jJI d>L qj) 1111 dLL ^_yz faX-^J' ^lx *4j 1 J_ jj . ^i-n a 11 I _LA l j r A 

03^1 1 1 Cj\-ij£+u}j£A\ _ lmL* CjLLulU 4In 4 " 111 jj 1 nJI 

j 11 111 11 cj ' - "3-j^ - n 4_xb j i~ *1 k I jj . (” 4 4 * u tt a j < ^ j Lt_i VI 4 _j_) Lij ! i n 

4 —oljjVl 0 4 Scanning Probe Microscopes (SPMs) ^ l^LU 

jl^Jll dll Mf. ^ In i ii I Topology 4 x>.jJ^jjI 3 4 - .^ij 11 ^dUkJI 

d)L)^ I dill j-b^3j I JlA . 1 ^jlc d»Ij jJI immi jJjJ 4_b^JL4j i 4 j^jLl! 1 


127 


















14 —-JLc. 4^3 Ju ( -iLxj^l 4 jj}Lj) 4_<i »■■ Jfc * !jj 

1 1. ( 1 4 i ull t4jjl^->Jl i4 _u^_^£LII 4ojL^_iA]I 

( 4 _i yj L>J ' CjI_}L^>.VI OsjLia JiLo} 4j^j iK jUj (4_j—caolsLliil 

f 

- *j y "*■ 1.' 3_>U! 4 nf ^Jau-uJ 

I JlA [ AL. im Lj^i — O L-W)^ i njj J\i 11 £jjJl IJl^J (jT-j k^iZu^ 

*4 * j 4j 3^jJ J5v..-.ili (j^C. 3ljl (_y* i^L^JU k s 11" 4j_}Lj J_t-sajill 

jf 

l-9j-Ls 4_jI^ ^ 4 4~ nc iProbe» (6-18 «1») _3ti»!)> l^jlr J).-1U-) 

■ c_ij)*\ < u .ji. 1 


Jll>U 4 ^/IjJ 4 j 4A! 

*Ll*JI I_la IIil_L 3-Aj 14 j!j_i_u LuL^Iil jjLlu j ,— 

4j! JlAJ t J I J_La_I_y I 3jj^WjJLl Cjlj jjl ^j-ol (Jjjs J-Juil! 

CjLjSHjJ^LjII — CjLt^S! t-oJ^SLiXI jjjl i_uJl £^_jj I 111 Cj^iSj 


— i I/J L^jI jja> _iL*_}I —c. 4,rtj4j CjI— g^\jlA — 4—ajI 

iJl 1 -LA 4_»Lw'i/i (J^sj i^Vv i <~i J^.! j> L^jljli 

Lo L^_ls Li_liu^Lj ^1 t L>J I ^Ju^xAil cjL%jLi^ <jl _iji 

<J£ ^ic. _i^~ I l^jL*ii *4 _*JLj <ja AI (^o 4 _j^jUI jl jII ^_La_i_u 4 W 4J 

J 1 ^j-£- 4_j^jLLI I -ilj-U 4~i~) <■ id^m 

lilt) ^lc- Uj'j^ ^Lun a jj * Lfrgfc In_i_ul CjL>> l.i.t.t-4 ^UjjLj (^JuLdull 

4-ij Ljji. i.aI 1 j 4-i-jl j Cj 1^-ijjkjJ 1 j <Vt { \£ 0^.3 '^_La_i_uVi 

j_La_4 rtf.Lirfaj (jld .,.4 .m.H ^^ Lojlj cLjJ->u 3_iLa ^L) 

3jlj_ 4->J! 4In t mjVI dlj 5 ^jj£j 4j^o1jj 3_iLjj ^Jl 
La^- i< 1 SjUju^J 3 JuJj-3 Cj! 4 I i> jj-y L)' I tS^LoJJ 

. 4_l3j 

Cr* “^4^' _ t-u I 4_j_«Ij^ 4-j-o-Al HI j* t ^j 

dlj ^-jj^j 4_uLi^ CJljjl t ^3 il!!j C.O&.111 

4-3JjlU I CjLi < n 11 j 1^->J L) ^^ojI .tClII jl 4 j>-^! j^yLl c_3^_jCJlj 

. 3 Jw>- ^yic. 3jii 
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juUf ubj5> mjjSLh* ^1 

: Lq-a ^_i_oi_U jL-Liill cjL^SI _i-uj^SLua ^4 '“^^j 

Scanning Tunneling Microscope (STM) jc^LLI u aa \\I 
.Atomic Force Microscope (AFM) 4 j;jJl 

Ji U^5>mj^JSkU&l 

^JjO <lflj! dJufc (jr 5 LM^J^±A Jji ^-L-wU. I ^ rtil i 1 I C-J^ I j-£lx J 

JLS i ri 11 o L)^J l 4^ ^jjl j ‘ j* ... 111 jLllUI CjLjj^ i i)J^*V l 4 

Gerd Binning «£. Llxj l^.» L§-& ^ ^IrdlLc. 4 ^ —<nl^j 1981 *JI 

Jjoi 14 ; Ljl^ ^jl jlllj * Heinrich Rohrer m a»j 

^aLftJI ( _ T £l 1 4 < tildJ jdlj i I 4JjJL4-> 4_1 jL£JI tIBM ^kl 

. a LtJI I I JlA La^J 4->.j i 4 11 t «. L^-iiU I ^^51 Jjjj L>» 1986 


J-4-aJI djSJ* 

4~ig^4)) ^1 jLj j* ...111 jLl _tuXl Cj Lj£_,lmJ*jJL±A ^4 £jiJI I JlA ^ajjSJ 

t .i CjIjJ ^ic. ^>-4J * 3 jL>. 4 _*_lSj S^jJ ^-4 i<(4a^l_ t uVl 

4 </4jJI (jLi _lJLI) 0JlAJ . jljJLl djl_LI 4 i iC 

» 

^j-4 I—gtji I^>~) ^UJ ijl—4^dl £-Jj j—J 4 1 i/i*i 11 

(■ i \-x-~t i «Q I idjjdl 6 JLA ^^3 .jis jl —< m^mI I 

4 tn 4 ^Lq ik 4 ijt 11 CjIjJ ^Si SjjJII 4.i.Cu Li] 1 4_£_ulfLJJ CjI jL^3-^U 

jtla lm CjIj 4_i.iL>. VI 3 j jJl JL$>. JljJ^j ^3 i Ui 

. 4.i lx 11 djLc 


CjIjIaJI (j-4 Sjj 


fc_>» VI ^^ & 


I 1 ^ j4 ^jxuJ ^jJI i 4_i_rt_i ill I I T 1 ! tilljj 1 4_lj aJ I 

l^ iiaJU JlC Lpj 1 4 _jj I^!Loj 4 ia 1 u 4 4 _i 4 Aj lLsj!o_>- ^JLc. pT^_lj 

5jJlI 1 ^ t->4 j j r lc. Ju^j ^ _j -* t * t ^JljusJI 4jjJu^o CjL^I ui<j 

j_La_cJI I ju^j t 4jir < 11 1,1 4-L>.jJI 0 JuA . 0 Jl>J ^Jl 

jLQ]I 3 _i tl) Cj Llj ^ji 4farnl Jl lC- LLs^ufcj I 
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^j-a A $~t\ -v. j _3 iSjjVI J_J Lc-a *cQjli 4 A-J*> , V \c 

Jo-jJ jlj 4_LuoUJI 4 jj id 1 CjLs l aJL 1 l ■ iij ( _ y ic. 4Jo3L>JI 

. 4_j-. 11 4£Lt_iiJI 

3_}1_2kJI v ( 1.l~i l_31 JlLc 4j I ^ ]] i 1_La JuVi 

— cLi^SJJ 3 J JJ>- 4-jJ-l-O^-4 Llil J 4— jjj^ I J 4 * 4 *_i_i-oJl 

3j>La — 41 j-a 3 jLa jJoj-u ^j-a e_>^3JL) — ^j^o^LJl j I £j\ tuy m 1L£ 
Tunneling ^33111 jLgJ 1 ^j^L> <jLjj jJ 4 Jpa — 411 
3^_>VI 3j>La i y^j ju— 40 -JI {J ^ 4jla 1 —lujj tCurrent 

. 4JLjl! 1 3 _} La jJo^iij 


Ajj JJl 3>3)l I^J^SuMjjS^Ui • 

3J fl^Vl ^a_Al Jl^. 1 ijc-L^UI ^ 3rt ill t_J^£_ jLllC I ^jc 

tjjllll ^-U-l 4-i-ol_>Jl CjLsLJu^V lj Cl) j} or J11 ^J-3j CjjI ^^ill 

' 4_.jj.11 4-i 1 nojll cZj! J 4^l_Jl jljJI CjLLlC. ^ 1 1 ^ a ■ Ls * a jJfclLmJ 4_jp3 

Gerd Binning «^I^i_i jJLs iljj .4 j1 3j iI n" i j - a jl>- ^j.11 I 

4 jj_4 >^>» (J-a-*j 1986 ^L*JI Calvin Quate «cjI^ ^_oU^» ^a 

4jjJJI SjJLll <_—uujjj^J^a ^a-cul Inllnl ^JJlj tt—i^Sk mjJ^JJI Ij^gJ 

crj>LjuaJI liL_L ojI .1 aj ^j- om j c p orce Microscope (AFM) 

i L^J In mil j 1m •>. 1 4j£Laj 4 _ T lJI _il jJI 4j>*\ —i_u-a 3_}ljj ^Jl 4-jjl^oVl 

1J-A . 4_ij ^$*\ 1 1 jlj-a^ 4 -xjj.^ II 4 jl i^->jjl 4J_i_ij A jjl C Ja—i 'l**} 

l_aj jJI 4_3^Jo ^ Li 4 Jlaj i j r u Li a a (jj&A k » ^aja i^~ JjJlaj 4^Ll^d^Lj 

i (4iJ-iJI q n-r 11 J-a^. 4^-i (jyS SjLjj ^l3t La^o ijJiuuaJI {J ^ 4jL£. t jL>Jl 

. 4jjjLU 1 jl 3 JI ^ lr> mV 4-^oj)Tr 4 jJLij 4^ljuua^aj 

i^-uiUI jl i f .j 1 11 l_)^SL^ jjiLj-a 4 -jj jJI 3^3JI e-j^SLtjjj^SLxa i—ai^scjj 1JL^ 

(j^-i^o jU- (JojIj 4*ij A (_^J-1 lj 1 4^3, i V~ t iiU ^jay U 3jLa ^ 5-13 

. I ^Jia t4JL-o^a 4„i mi 3^La ^a j <^i a Hook c_3LLai. Cr^") 

(J^aL>JI ^yJ^jl^JI J)l_5 k( 1 8 — 6 » Mill ^_3 j-LO^a jjA 1_a^j 

j! m>-I jIj — 11 4 Mt 11 j_La lm c>.Ln jj 11 I wi-u i^juj y all 
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gUlt yiUj 

^ jjI In i.ii 11 CjIj j ^j*a ^ii *»• 11 ‘ 'J~‘ * ‘ * 4 1 I 0j_A . I ^ >• In i n 

>4 Mt II 4 a Cj 1j j 0*^3 ^ju'a-ll ajJ J jl c_) jL>u jJ^j ^1 

^jt_UJ . (LLd^J-A jl L_al^5Cjl ^1 1-4-4 

I JJb <Xj ' -A *v] j^C. 4JjJ^aI1 3^dJI J 11Jui-4 ^j-ul_j3 ^)l <4 < n <1 1 ^JSv.i.u.1! 

i nil ^yic. J^aill ^j-4 ^L*- lL Jc3J)ii IM ijf^- i^J^jl£Lll J.4 

£jjjJI I Juk 1 _£_l 3 i_3^SfcJJ 3j^o LiUj ^cjjJ t lJSjJ fclll ^IjjU 

CjLL^HJI (j-A 4_£.^_q_3c-> 3 (j^aL Ja^L-JI ^11 i nil Ijufcj .^yLusVl 411^>j-o 

jMi- ^ ^Ij ,4^jJ! 4_Jlc Photodiode 4_ujaAil 4_^UiJI Detectors 

djljLij ^Jl 4 < ii^ ♦ i II j^UI 4 jlJuI l j r a 4_4jLdJ! CjIjI -uu^-U L^JL^-o 

jj-p i 43 J-! 1 4_jJLc 4_l5 I^c.^jjJo 4_Lajj^> ^cjij t d-uj.^ 

.(19 6 ^ ^JSLj-uJ 1 ^j9 1 i i J LI I ^Ja-i-u 1^^^ 


r 


^uui t \j 





^T hill 


jLjJL>-' <Uj,jJ I 3jjaJ I l_j j^ ■ -■ ih^3 j^—uj :( 18 - 6) itiTl 

^ ^ j n^ iU 3^jb ^aJl jl^>Jl £jj4 k J£_tUI . jl^ll g r hm i ,^l>>* 

. L&j LJL-%. I j \ji I 3 j LX I 4 X <r Cilj!a ^Xc t L^Sj^o & LXj t 
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£144*111 jLuntl jj /jjS Lu * ^ c^i • 

111 jLuill oLjfv -—£ya _i_uJI 4_3l_i3> Vl_> 

i jjjial] I j <^sfcjJI t Ifl ia d I ,J l^j V ((^^>-1 4 a hV a I J — 

l4jJloJI 1^14 j &jj 

.Magnectic Force Microscope ^u^JoLUJU Sj^Jt *_> - 
.Laser Scanning Microscopes ^-^Ul j^UI c^bj5L^<ja - 
Near-Field 4 4_^e — miULI 4 ^Sj,< MI diLjS — 

.Scanning Optical Microscopes 

f 

1 ^'i 4.1 i I jLl^J.1 *j£-lA, 1 £JL A 

iSjLLI 4 jjf _uJ 3j>, it"id (^>1^3- ^ruju 4 5SU11 L^jjJl^j 4_ jJL*J I 

. 4 t>ui V ill CjL>*jJ JlIc. 4_u_JI JljJl>«j — 

L-I JuJL>o — 

. 4j^ <^ 1 11 I “ 

. 4jjI^_>JI — 
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tLgjL±i». jr*—J 4 j^jLJI jlj_11 J 4->Q)) 

)« Jl>.Ij OiSj ^J3 4 4jIjJl!I CjL a is) 

ILjJI ^jLi_cut 4 JI 3 1_ a Ijla 

L»l_ L c 2 £ £%>. 1 1985 ^UJ! Js Suzuki 

jCt 1 u^-lll 4-i_uljjJ i'll a 4j|jj 1x3 h 

JiWjJ! I JlA J-CAXJ ^jLjJ! ^Jx. (_^3 

• 4 1 * 1 j UJ I j A j t*> 4 » a I *•>■ | 4 • j LjJ I 

*lLo i(j)l\ ^ 4211c. 4-oKil * j_A 

42^2 jjj23l _La^J 

4 1 1 ^ * d . 111 'ij a | 

i2oLc. 4 a. i 5" t, I jlJ_IL p~ j" (jLjLlII 

• ill 4_ ^lc. ^jlil! I_ifvlj 


dllj ^ JSjLiJl C:r lc. u —a 2 l Vj 

#JJfc j-i-u Lsj)) :4 JLuj! ^)l l2jJJ^ 3 4-ln*>.UI 

. «^4 dlntlLt <Luij.211 4 j!jJl!I 



* 


yr 3 5j»LjJl J jl £^j'» 

3jLj^l XjIj j jl jlc. I 

L Lj > £J I d A 1 ill. 

j-a Ju^a jM—c-l L7 -1 aj L.*a 


.3a_t,L->JI oUaL i'u'^SVl 

j-« *La L n~i a jLs I 
«>11 >21 j . 3*i ■ 111 


2 tf >11 
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j-ufcj)) ^JljLo .4 JS ^JLlJI ^3 da_ i_u^Jl til_lj 

CajI£j . jjUI 1 djLioxLajj jlj a cZjLl!>. y\j « L*_)ji-4 ju ■***j_$ 

ojIj La L$j 4jusL>JI 4^Io& ill g.. ‘tlilJ 1 i3^j l^jlr 3jl2la ill ^J1 a VI 

l 4_Lj IniI jlj Laj . 4jJaj^j*JI (JLaVl ciilj ^jp-t-u^a 1 4uioi^ILa 

Lea el>II (Ji jjkJI CjLIjjj — jjloJl Ljj>- jpjp^l ^! — 1^3.1^JLal 

— Jjjdl ciil3 CjLqjSL-v — 4.4 jJLxll Jj J—ILi 4 jj jJU CjL^alat-U J t v 

^\c. i jjLll! (jl j-j~«~ l 4j^_4-uoJ I ^_il_Ll I j Ij jma yja Sj^LiJLl 3jiiJ I Lilil ^.b 
4 jalf. djLc.1 JljL 4_>»^Lo CjUoLbjl VJ ^jjJb La t ,*XlUj jljdl ^£JUJoa5 

i « 4_i3- L*J I ^IjjVI» _ lm yjo yjj j all I ^jGjvLdl y _a 4 -C.j^o-gc-l 4_A^t_ij 

L^jjLu ^ —ill 4,3,14 jJ 1 4xa^jJI Jfl—dill J-j-usLaj Ju V (j jjJl 

<jjJuixJI j-AJI Ju l i u 11 ^LxLuVl yA I Jl A (3^ 1 ^jLfcil 1 j ill( 

6 “° 

l^^Ldi lJSJjIJs 3^3.4 i ii jj fri .ii l ^ ^ jjl (JJLaj 

^ jJt 4 a In »11 j 4 j1^-*JLj t—ilaJLl ^ j 4 I 11 lLL! j uLuj I 3jljJuuj 4JoL^oj 
» iiii Ijla 4_jj Jiji £jji—ill ^ (jjuJj. 4 j^jUii jIj_ii 

.*U 1 I^n hr 1 a 


jj^dI4jj jJI 1. ^ ~u H djLxLa ^-4->o i^i toj jal<a 4 jjjLxJ 1 Jlj^ jl 

^7-3 3jjl_j ^ jJfcl—*_uJ jjf 1 ^ i 4 djL^ljJl SjLall 4 3 JljJlCj 4 dll V 4 

t^jLLua ^-3 Liio.41^-J (_uJI jljJL ijJjUll Jlil Ml 3, 11 ♦ iJ^Li Ini yja j. j& I 

njljj.V ii.ll 1-4—*duUj i/>^ 1 33 j .ail! oLiAaLill ^j_4 jjjudl ^—ic. 

uii_i>a Ijj _ ljJ I J l^o (j I Jl 30 i LlU jJ . 4_ -l! i^aj 4 _j^_4 y I y _ 4 1_ALo^jasj 

3^d^-II ji L^Lj^iiii Ju£. 4Jj>^ i ..j ^_ 1 .Xn 'i/ tjl V3llj ^LkjJI JlLa t4 j^jU1 

4jUO IjpfcJ l 11 _L 4 Ij-j .. d 1 ^.gTu UrtJ^ j I 1 4j 1 j JL». ^yj3 L__iJj-Il fi.(j r LM I JuAj i 1 

4j^liH jl^ll Ujli>u I 4aij 4.t1 4 I u )L>- ^yjl 4_Lc. 4j3j^_*J,l 

JjLvl 4_Lc. jjLuaj 4_i3-^1 Jjl 4JjJ-4J ‘ I JlA 4JIJ_tai Sdaifi L 4 — 

4jL>-^ I 1 4 j. 4 -t. 4 j j jl m-wLaJJ —i_dj_J ^pl~v^4 J^Li^ 1 1 ,.i.^1?r 4 

. l^-cui I I Jl A j^C. 
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^jLJt Lev^J lSLSj 

^t-J (j£^J LT ^ Jivje (j^lvJI iC jmif (jl L7 -3 lILIi <j^a 4_aJ 

LeLio. 4 j tlajjjj Lft^aj Lu-uL-ul 1^ i^a \c. Juu i LloL-ev I ^jljj I ( j^a % 19 

*CjI JUA^j^jSUI j iC jLLu^jJ! c ^^3 ,Jih> Je 4uu£j£JI I Jjfe ^_La_i_u L=r i£- 

^j^j^LII oljj ju .Nucleic Acids 4 __jjjJI ^1_lj qj- ajJIj 

( _ 7 jJI 4 all V II jlj—II Cjlujjo- ^>3 £j\ —j^La * LjJ^v C)—* 

^ jJI * I Judl ^ 5 *4j-o$aJI LxjLj-v iIjI La_>J (j—« 4 In_>J L^a. 

I Luajlj t LgJ 1 - Ly jJ1 t 4 _JjLl1j 

. ^J>d 1^ ^3C_d 1^ ^_d I i Llj Ll^J-a Tr J jJ I 

JJi k3 jLjJJ cLi^lidl JJ-uaJI ^£s lZjLi^-4 j— 

^Jiia) 4 dj| «iill^ t (Propane jLc. ; naj 4 jjL»J| 3 j j i ^d I 

1 4 i r% £j-ijj (j^J^JI djLi£j-a j± j£u j .^^jojULIj CuiIjJdl Jjja) 4. AeaJlj 
: 4 j mij^j (Jjal^iL 4 j^Ij ^£vjj lLUjj « L^jl a < n ^jLiIjj 

yc ilUjj t jl^JLI Cl»ljJ p h* 10 J—a daLuj^l ^ylil 3jJ»3JI 3jJ— I — 

t Covalent Bonding 4 .^ Lull I Jajlj^JI ^ lWjIjj J}U. 

5jU Cjlj j J_»jl J_X <jj—J^Sdl (Jj* 3 Jo-1 j 3jj JojjjJ i^l^U {jA ^—idlj 
i^jJI (<• U 1-7) _ lUJI LAi-a yb La^ «4nhV<a jl_^Q j\ 3j_>-lj 

CjIjJ ijj_3jj ^j-u 4^_ illdl 4 uAL iillI 4trnljJJ ^j^ Lwj^ja-) 

.Methane <CH4 1 1 jLd. oufi d jl±j& 

4jJLj 3jju dajjp 3j jdlj I 3j ju 3jj >l*t ij^j ~ 

3Lu^La 3 Luj L 4 J Carbon Network ealjj ^ 4 SLui jj<Ti 4 o^j^dl ^ 

.(«l_») 1-7) JSdidl Diamond-like Structure 
(jV t4jj^>dl 4^d— jlL J .<_u^Li_uJ 4jiJJdl ^j^j^SLlI >^jljj y* 3jj (3^d — 

jjj^Cd yA J 3 ^J (jl Oj3j —ieJL» O-(-ajj I jljl Cjljj JJjL> dajJp 

* (*£# 1“7 ) 4ak V a jlj-a lIjIj j ya 4^Jya 4^ tl Jiila Chain 4 _L_ilL^ 

Ll)Li£j-a ^il 4 l~j V a jl^JL 4..ti *u iU CjljjJI (jr C,jjlJI JJlajJI I Jui 

4 J 0 J jJ! jljdl Culjj CjLAjloj (j-oljo- 4jtaLv CjI a u-> I g J_o_>u 

. 4x. jJlaj 3jjj£ CjLc.lla^ L^jI 4jl3j ^L_ujl ^1 ^ jJj La^ * l^-tJ^J 
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i I 4 J 4 r>t 41.1 LjtjOj 3p Jsa^jjJ :( 1 -7) JSLuJI 

(l_j) jL-^ (!) OLiSpI ^j—o jjjjSoi 4.joAi muJI 4 Itajlpi p_c 

j^i ( c ) 


4j_u^JjlJI IJ 4 ] Sj^oolij 3j J^iaJ I lIHj jLJo! 

i^jLili »lgif ^L4~i aIj t ajuIj jjQ <.»„i jjl c-jj^JlII 

CjI j- 1 ^i iUj t n j 4 JlLo j4jli_uIj 4-Ajcj 4_>.l_uuus 4J \^is\ 

4-jjv-C jl jL>o] ^j-g Jf)3>u La Julj SLusL>- 1 1 Juk l_Lat^ r __udLXI 

Cjjjfrl.i*i (jPJIj t cLojL it.U 3pLi]I J>L>. 5 JkjJ l^JI jlj_U (jjl VI JLse-fl 


<-_sLjJ i Jig i^jL-J!j 3 j 511 3JljJl A jljpa ^Luj 1 n jlnp ^—A 

4 gf jIj_V~»-. ± m \ ^ oil Carbon Fibers 


Composite 4^£1^p>» jjI^ a < iijlG kiD^j < 4_jj>_LaJI jlc_>lj—«LLJJ 
^LULi 1 4*1 L» 1 t__i_iljtj i o ^_3J I j 3 ^ 1 v ~.11 L^a-o!^_>- i _ 7 Js £~ _w Materials 

♦ itilL! 4 _lLL3J I j 4_j I jJJ I 
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je*t I 


— ^ 33 ! I >■ 5 ^-aII _ i n-a oJ lj La ^pJI — lU I jL>oV I cillj Jjjn >tJ -i-JLJj 

oLiLalil £_>a 4 j»JL a~ a 3 ^ ^IjJlI ^oLfcJ 4 In jj^-L i 

t<O jJU>J I VI 3 Cjlj ftJ.1 ^-Lljl CjLjjw 3 J 3 IfaJtI £3 p*t 1 1 3 4 gfclll 

^J^Liw L^J t U .~j| 4 -djjuailj 4 nitU 3 ^jl^Jl tillj i jyA 

4 _i nn 11 Jj t Jj 33 -II j-*l 4 ^«a 3 _a Ij.l n 4 Juu ^o-Ls t 4 _ 3 j 1 mil 


lOljL_uJI 4Allua Jla 3j_pX 4 j£,LLu 3 CjLg. 1 1^4 (j;f £ 4^3334 lJijLIoj 

etc. Li_i-oj i lIj Lp JjjSLW I 4_c. L^j i4_pi is~\n \' tZjLj^plIj CjIj—- jLLaJlj 

^y£L £-4 LM. J (jl ^ 33!! I3J3C. , i tj ^ 1 j 3 .4 -i-l2> LjjJ! 33—4^-Vlj Cjlj^Vl 

^yA 4 J 3 A ->J. I VI JuJulJI ^LlJ V 4 J i ||J ^3 t I ^xljLSfcJ-*-u I 

(^211 4->a, 13~ 1 '3 4jjJl^J! Sj^Vl 3^4 Lilli 3 _i £.3 1 U 1 — 

Sji 31 L_<—ui».I3 . 4_> mji i jJI 3 j — HI 1 jlA 3 -^- j — 
jjXl L 4 JJ 3 1^4 JJLL-W11 J2 1 1 '3 4 1 n rt*1 A 1 a" /»>VI ^ 3l ) L -*J—“ 


3 -^ Jjllll I3J33J3 X" 4 1 n 1 4 -^LtlU t(j^l 4 jl c 3A l_ 4_4 


. 33^-11 1 -LA 

iJjl^J^SLll 3_2c_l J_>lill Lp.jJjjSLl g.1 <a Ig. Cu^> ^pJ1 L—1L AM V1 £4-A 1 i^yA 

jj-uaJl t3juJL>J! Ljj>- 3 J 3 uil 111 4 jJj I S^La 4J ^ Ajl i~iC. I 3 

o3U&\ Cjlji s*■ S\j^ ( _ 7 2lI Allotropes 4—UlstXI3 5 ^_jIJlU 

jr. ^j^j^SLlI j_J_lo *33 a^JI 4^3-u.<a 4 _c. 3 -a_at-a ^_j£[__i!uj c^ 4 t^nill 

LlL-j li^^i U^3 . ^3^33131113 t< j^LU3 it~ij* 4 lj->Jl 3 ‘(_ r ^j3^^1 31 l^jj-^-1^ 

jjl L_Ijjlllj 33-uaJl 1_^M2 >-1 3^ *c_jlllSLll I Jl^ 4 s ^h 4 tlJljJl jj^xail ^_j 4 

j^-d! 3->Jl (jr^ ^>U1 I jlA ^y— 1! i 3 _jLq ^\ Cjlji 4 i.lr j—^3^ 

JlSLlfVI cdij 31 * LIa J3UI 4 -uail >-3 . ^13! 1 3v ^ ^ jJl lIj! a < 4 > TI3 

j^yA 4-C.J c >■ AJ HiJ 31 4J 333J 33_ 1 1 gjlr J->-3J ^-2! 1 4-ilmi 1 

^yI xj 1 Jul»3 4 4 jlr ^3^3X1 JS_ dll 4 jKj^ll 4 j< ill La^3 iijuJuJl I3UI 

t~ii^j. 1a"]| ^3 ^xl jwtii 4 JjL.plI3 4r- j d n 4JK ill jJL»ll ^is 

. 4 a l"i •»■ 11 4 j£L [ 1 iW\ 11 
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__ % 5 

4 I 3 njCZs ^1 Graphite jjdl < 3 i La 3 jI c. 

S ^ 4_i-uoj^/l oj MmJI C-I —j3lj-iJI Ore 

ij jJI Synthetic Graphite ji JiitJtl c^ljJJI 4^3 

5 

^jLixlaJI C< .ijaljjL! I j^Iojj . I_ A a t <a ^t3 ^jja 

ili-A <nll 4 a j4j SjlLc^s 4 j2*31 CjIJLlLs 4-joA j—!btll jl 


jlji.1 4^3 o>j ^jjuj j^ 3 I jj .Horizontal Thin Layers 
Thin Sheets 4 njjsjJI jcjL^uaJI llUj J^LuCijj . jbuVl 4 ^jLu> 


CjIj j ^_ r , *lll 4j<uhl d*ajljjJl 3i>L 

4 j i u i Jb-u 4 jjjjj£ oSG£*-uuJ ciU j ^^3 4jj£-a i^y^a-u L^-U^jlj 

.(2-7) JSLlJLj ^juDj^a jA Lcfi .4 <i lVt i a 

rt". i La ^il ij..Igj L±Ujj i jjLlJ! *1 *lc. ^UiaL 

4 i Strength 3j3 11: l ^ a (jiVn^s Lr^uu^L^- ^_i 


.Electrical Conductivity 4-u^UI 

4-C. LI-l^ ^3 iZx_i3ij_*J I ^j£. 43j-ju Lo 43 LCoVL>J 

SJlC. ^3 4^oI JLa-*i «_ul ^-C-^JI ( _ r Llj . l ^L-*3jJI — 3t 

Crucibles 34 ( 5 ^ 4_c.Ll^> 3-^° 3-1 4jjli 133 cijVL^a 

<4 tdJjJLI 3jlj 2>J I CjL>-jJ ^^3 Cjlj-LaJl j ^. 1^3 

C_>l j-LaJI JJ _ tAiJ ^_ jJI Moulds l_4 _Iljillj 

jS/l ^.x.ar.1 ,u,.u 4 J 1 j-uL .1__unJ Molten Metals 

4-j£.l ) ^11 CjI C. I Ll3 11 j ^yQ JU^Ul ^3 -«.u.,Uj _iIuJJ 

. ^b^ll — 


. Ci Ljj LLaJI — 


^Ij^i 4x.Uioj Electrodes <-jLL3^I - 

.ciljIiJI j^j^> ^3 4ja,iV;...ll Electric Arc Furnaces 

.Lubricants - 
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*1*11 jm*\ 



lLL^i mJ 1 4 d * Aj 4 rt i tr^ T (jr lSL*^J 1 e 1 * i f 1 ^ la^Ja>Q ^ ^ -*■ : ^ 2 7 ^ J*> i7<T t 

i_j)j j L£““* 4 'i m<LJI 4^aAl iuJJ t Jtajl^jJI ^j_£. uj '~‘ 


( 1 ) - 


4In>1^14 4 . ...I, >... ^La-L>. ~ l^.^a > Cujj 


u-U«' 


t \j-w t( j1_ ^Vl 3^U jlL^I Diamond _II j^j 

i-liljjJ Juj-ill ^jjJI ^Jl 4 rt i^fl 0 JL^J 4 t“i aj tj 

4-i lr C1 xaL>. ^«i_j)> 1 — 7 (JSLjuJI^ 4 A (Ji-t J 

^•^ja 4J La J jlaj Sj^Lc. t4-LLaii.il 4—a^gaJI lILIj *I_}j 

: 1 ^ i a ^I l ^I 3j-aLJI lZj!aa^JI 

.Low Coefficient of Friction oJK^VI JaL^ ^Uicjl - 
. High Thermal Conductivity ^jl^_>JI Jjj-o^I ^ ^LojjI - 
. High Electrical Resistivity 4-u^HI 4^^Lill ^ ^Li3jl - 
Low Thermal ^jl^Jl J^L*_a 4«j4 ^Loitiil - 

.Expansion Coefficient 
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*UllL**i*J- 


4 % 4 "y a JXTt cl>l <?Ju4» ^ya Lr^J 

Oo^ljJiJI ^ya (js \\Sill <4jUs iSjJkLxll ^lil CjljjJb ^ 4 

>.t. ; ilr ljl£Lo a , ..a',\ J>■ \ V ^ J_I! «I)) 

j V^inj (jI jl taj 4J 4d nVl oIj__Ajj*JU 

^-A (jj 1 * a j Uua 43\..i.i.p»j 4jIj^L ^^jLUbLj *Lk.l 

4_Lo t. <ii JL3 t^_ l»L 1 I (^£j jJI l-ajjjoJI i^UI 

4_La jJjtatoJ t(,T« i; i4ljj>JI LgJ jj4jl 4_ j_udLv. 

. 4jj Ju»Jl 4a£rLLuajl CjLojoIsuJI Ljj ^3 j_l,Vl ^jsbJJI 


L^jj J-aj j j aTi 5. lj, Xjw j!j^a L_j— uu^j i_3^-1lJU ,j a 

CjIj^j j}~x- i") t i uii ji jl— 1 »tVI 3lx>. j-ijin ^l£. 

4 j) a j CjI^_ H3 3j^>£JLa 3jj) is\\ i 4 3^1 »r, 4 i l£j 

Lxjj j I 4 3 JlC. lLU j j^aVl Jij^. a "if. «.ii j Jiij . i^4 

jljJll liLIjJ Lh-jjjQj t Fullerene ^ 

L^jJJ (i j_LOJoJ I (jl 4 M »Vl ^1 In" 4 it \ ^yjJI 4 ^ J <4 jJI 4 Ju JL L dJu^_dJI 
.4_L_4i j.i\t.c 414.4 -a- i (jr u3lU o>^ Lj 6 ~ *‘ J O' J ^ 3 *L$^-13j]j 

JDLJ Q^J^SkJI JJ t-3 ^)-4 4 jJLjJI 3j|J^I^aJI (j£Ji—Jl 

IjJfiU 4(0^) « < j r LLU.4i.ll 4JlLj (—3jJtJ (j^lilj 

tiajjjJ 4 t j^j^£LJl {_yA oy (jyj-LM {jA 4J j! 

LoLaJ JL>JI tjjJb t 4ijLcja CjIjJ) L^Lo 3j—>.|j 

43j) 11 4i 11 j^£.J4^xq-1I 4 j <^s1 t. •!! 4jLa^3 

4 4!u^>J 4^Jjil oljj i^it L$J 

7 1 ^5CJ 4j_La3 j-Lj t4 4j^JI L^uiJLIA ^ 

l^Lo ‘4>-j 32 L^iajl^j ^3 CiljjJ! dlij ^jt\ 4 iUJj I,, 3 — 

4j l 4 ,‘iaj i 1 4^«c_>)) 3-7 j_j^-4jJI^ la i« Lgj » » 12 ^ 1 j„t nl Ju u 20 

jl (^ruM-U 4j-^l 144 - 6j£ 1 g^ -VJ I JJjuj _3 

^J-O J-±& 1^04-*4|J («^» 3—7 4»ll^ 3^JjU_4-4iII mil 

.4aa^L^lg^^^l Lr £l x a 
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I Cj Ij j Oj j p-A UoJ >1 j *S ^jln I Irt *S ) p ‘ ‘-J ( I ) 3 — 7 ) (JS» Mt} I 

p iiiL> l^jjli ( Ajjj S 4 i <»ix 1 a JLSLdI > a <JUJ I^J4>j <l_i i_^3 4 i oiii 1 '■■ *.Li 11<u 

jg-i.'u i, a & (v) p ‘''j ^. Bucky balls ^sl> cju^s ji C^q ^ ■ j ~ - - * 1 ^j^jySJ \ 

JSLaA l_ 4J(4j JLamJ 4 j mLft> 1 Cjtji (jr^i pjLdJ I uaJI 


( 1 ) 


( £ 7 ) |>-A_aJI OjSJ 1>JI j 4 V^tt I.i4b 1 ^ 1S> 1*1 ^yB ^jSIjk 1 T m^yS^j 4j^Sh 


^Lljj (_yJj (jjjjJ^iiJ! l^L^I 4 i-^>4 1 4 JI -r c 1 LlA tjl 

L^ual^itJ ^JLlJI — tlJljLaj — diLAjI I 4 ImjiTI CjLj^LII »d l" 

4j}Lj {jie. I 1985 ^IjlII ^yi j 1 q“m < n ( _ r iS L$j 1 nj 1 ln~j 1 t m l, I jlc 

Prof Robert _£ ca^jjj jj—^_a ijjjjjLJI * Uq 11 *1 <j-« 

Sir Prof. Harold Kroto jJjjLa j ± j j *F. Curl 

Rice ^Ij 4jwUtj Richard E. Smalley _u, jjl_dijj 

jj-ua ^j-4 -Ul_bI— liu^V i<^j University 

1J-A ^-uo Ju3j .C60 i-oJI ^-<-«1 — LaI <» Ljj^j — 4 An (jllol 

L-4-A 1 1 g < m3 i 4 _a_«L»J L) 1_jlaJI CjL- i-uljjJI _lo ( j r a (ji_Zil ^jl%_l!I (jj^aJl 

Lal2 Cj\ jdJI Sean O’Brien u>^i ^ James Heat d* u „ c> 

• 4j1oaXI CjIjLI^VI 4jjL»JLI jjJlj 
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^Ut 


£-jjj o j r ±£- 4 If. Jj j i .1 jys 4 L~l4J L^j ti—al Juj^VI 1 JUb JjJj J^j 

JI jJsj .3^jAjdjttVi ^ jlolj kjLal 4 jlx L~<3lf j <^y^ltII kUtnjJI 
L:F lx L$jj JL3 Ji^Tt]^ k^jllil Jx. 1^3 ■ “j~ ^yJl t 3 MtfvJI I Juk 

. 3 jj IjJ I cj Ln j j, LallJ 1 4 l^Lsl L^j 1 4 J 9 ij .... a j-kC. j I jjc, 

4 3 j 3^ j>x ^ 4 I* II k U i I (jJLjijJ *Cj —lm j_4_uj jjsVI ( J)jJlj i—u I Jl3j 


<J7 jo. t^ujlj 4_*xLjfcj j^yjLTt-iJI j^_dJI LaI^o-I ^1 c-jjl*3r~iH 4_5 eljudj k 3 jl_II 

*—3jLt-o ( ^ f jJlj k 1996 ^UJ j 4j*v II 3 J^jLv 4j^liJI 3a3LoVI ^-k-ul-3j 

(Jj^j jj< ii4j^jJI ^JLiJI 3jJ>L>JI q ki iu ^-4 3lajJ 4jLU L^itjjlj 

— LiltJl cjLJjjJI 44 <kiL2L4 ^ jx. ^^4 ^x^JI .Alfred Nobel 

l 4 g LkTu-i k_ 1 L*X V l a ^jJL3 jJ! j^x IVLj Lg^JpS t3j-jL'» 11 — 

juu jys i—S^o- Li jjjjJ.1 ^jtJjLin jL_>«jVl 1 Juk £j_4-3 3 4_ . j I« 311 

. I Juk Luo^j jj;UI j^t3 Jux k4u^ AjJI dilx £j LbLluSVI 

Ijl^j ijr A _ t-u jLs Fullerenes j^jjjJjxJI jl 1 \ a j £ju jl lx _j^ixll 0 —*^ 

1 <i IX4^J Jjl__Jli_iJj ^._i^ i*ii I! j^jLaJtil QitJlIgJj ^4 1II1 (_^-ll 4 1 4 11*1 jj4—t^/Vl 

f>j 4 4 ^ ^ 4 .. ^1 Jl! ^j-JI ^ Richard Buckminster Fuller 

lLUj j_e Lkj..g la 4 ^3 4jUujj ijr lll ^ Geodesic Domes 4 j,, t jj^>JI e_>L 2 JI 

— L^xlx. Jw33 IjJ .(4 — 7 {J^ j-J I) JxjlII 4 31-ir U 4 xj^j^JI CjLj^SJ I 

t Buckminster Fullerene yin.ii^i ^-i-ui — 4 jj^jj£Ui cjL^ji 

IjjLiiwl jjjxJI jL>»l JlSj .(jpj'UI (jL-uAju-u^l JJj ^4 mV I Ijub (jl Juj 

.*lnj 1 «ij Jjljux (Buckyball) «(J^j jl 

I Jk_A I ll 3 1 (jt ^y^-jJl » k-^l^uTi^l 2L U2L& Ij-LM QjQ d jJj I Jl3j 

>_ 1 t ill jJLtx kif>34 ^j-ujJ k^jjLsuil 4ljuJaxj < JX:I^JI ^j^jlII l_jI i JuJI jjx l_iIj^LII 

CjJx»JI £j. 1 .i 4 ^^Jx. jjjJI 1 Juk^Jux> Lix kCjVLtl! Jj t^^lt H 

dlj^j^jJI^ _j-Tt 4 y t-s ^j_a jjLiLJu 4 _j ^ jJI jjjJI (jl^ i Lij^ 

U^jjjLuV 4^x1 JuVI ljjI J&j 11 LjUw^jfcX jl n \j j I ->s < (jy 3 |Jl 4 “'ll t^)-ujlj 4_»_4lxej 
. 4jLo 1^ J£j dL-i I tjjJxj i ki^nj jjJ jjk t $. L»Ll) I 

(jLs jo. Zi jL4ol ^ 1^. git 11 i^CjySdl £-4 t Luk J^jjlj 

: Aa Ij1j_u 4juIjJI 4jjk_i <^->3 ^^3 


142 



LAM** *1*11 j-*t 


l jJjlJI Jk fj-SLJj *i4*iTLj i > lUalf J—u \ _<»j 

L-jISj ^ i>l—S ^1 jl- 5¥Hjj Jllx^j-2^ lr^ i^ajLLw) Laj 



I 3-l_j^JlII ^LlII —'—:>■i <jry_j J ^ LST. 13 JiL-^Ji ) _ y S 4_jjLi* :(4 - 7) JiCcJl 

4_j_ 2 ,J5L_*i (j ij^-i t ^ i iM'>_i *v j jjI—Ji, a jj ^-LlII l »al 1 1^11 \ ig «i a »n 

J-o^ A j 1 on a 1 4,1 ^yic. J » r I.« J>j ^ ^-jJIh (l_i)j ^ ( l) i_- 
. (l) 1985 fUJi ^ ius^oVi ^ij 


Lflbu uU^ ljLau *IaJ 

CjIjImV^I JL-JJlaJ L^l_Ju^l 5 _Lo ' () Cj_ a inv 

4_ijjjj^L 11 jljil 4Jui]1 tiJJj ^"i a \ (jt-Ic. CjJi^I C*^>. i i ^jlr Bl^jst-ll 4 <ih -*• 1.1 


i 43j i i u 11 4j*\ j i ISLJL l J 4_o 1 j 11 fl 4 jj Ljj>_j_aJ I I j5kJ I 4-L^Io cLoj Laj 

4 jiLi j I^i~ H Cj^Lsc-U {_y$ j 2 i j l^t-i ^jVI jJL 4J Lo-s 

VI <t .1 . i.l^^.11 ^LUjL) 4_usl^JI 4 _lcLu-oJI CjLc.LLaja.il _L*J^ . 4 /1 l~i ^ 11 

^-a! tFuel Cells Sensors cal_^L^>Jl 

. L j T ^>-) CjLjj^ 3_Lui~ t ilU 4_j_>-lluV 1 1 ~ 11 r. 1 U> a 11 


4oj!^ jJ 4j 1 tail Jl. i^jfcjJI Cj^glsl i 4 .u '<~> 111 4.1 _il 3 tl CjI j j «.nll 

L^kJ! ^Ur3 (jr 3 4_4JlB11I CjI nj j U~i ILj BccIj BjLo L^jLj l 11 5ljL?tII 

4jlr.l3 ^jua *4 _J,IjlII c-IjjJ! i cjI£jm^j <Sj^ Cj-° CuLia 

4^3JUJ! jlii^l j >i 11 j-i 41 ar ^Lul 4_<a1 _Lstj >_ul A 'iC jjiJI 

((j^Hjl-Ajji)) J_jja i4_i£.LojJl ^_y=> 1 j_4VI J_>.l_» jJ»l 4- 4^LJ1 

^_i_i/L) l_3ji^j»JLI t«4j^_>Jl l-j! >r\c Vl ^J^Li^.1)) Alzheimer 
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\ 4_u! ^ ij jJI j ^>Jl ^ I jut *Lou Gehrig’s (ALS) 

^ Jl%j _i-uj (jLi l^ulc-ld Cj^JaI t CjL_j^J! dliLl \ n_iiIn") i4_2jjJL4 

(jy jJI L-jjLaejJ! c 1 1 &j-i t. *4j^!s Antioxidants 3jl <«i^i cjGI 

Neutralization 2tbU* ^ J^j ^5LJ! 3jj^ 4^^ jJI udk L$3 

(_lU^. i.ti->- Free Radicals e ^II ^j-«L 

jSUjJI <-L1 Jj Cjijjj CjLjj^_>J ^ja_i 4j4 aL-uj «tLa_ilj J}LL 

4^aLiiJ L-i^j La»a 4 — 1 iLj^ cJdLij Cjljj l^-^] lJ^3 

(jVj . p ■ <■ ^ M 4 j^>J! lJuIIojJI ^jlc- 4-uL..H 4ala JLj Ubt {j£. 0 Joo^oj 

£_La _i_uJI £jT iil Jl^-^J Cjljj 3jj 60 cidCj 6JL>.I^JI ^ 

Lj LaaLl^j iji tVi i iij 3 jl>J^J 1 djj (jVj i3j£LU ^jvjL^iJ! 

UkUll CjIjJLj 1 flULujI - JLadj CxBj jl Cl)ljj> 


4 i^>L>J' djljj^jSLiy! ^j.4 jjjlI! jIjlSja Jaitu jjl 1 li^ — tjr £j L^J 

. L^laLou Ijjt a l^LjjVI CjIjJJ <jr lll (jat.3 miIIj 

a ^ U oLiajJauJI _a JjJjlII tiJLlA (Jlj l_a _ t-u La 4^LudVLj 

LxvjJj*X~ t!j n <1^11 oVlst-a ill 4 

. 4j3j_a^J,l 4 j ai-d I Cj^LscJU ^j_ 4 p V a>» JJuc. ^^5 4 jj-^u 4juIu 3jj 1^1 ^!LJu 

4_uoLiJl 4 n» ill Jtj.^.^,11 LT^J 4j <^>LU j-4utl! Cj!j‘ null J^L>.j 

3_}Ljj CjjI (-**<J^w . LT^" Jr±^3 J-4-oI^jj CjLj^ L yo\^>. 

t (9) y q gQ _ ( >A ^ t L$j Cjljj jjul 

,JiLa t jaa ^J-± iA <^>^1 (j,—lj ^ ^ 84 76 

4.,uft *^i.cr1 l ll 4a.ql,t.lI CjLjjjjJ! L^j LIaJUoj ‘Cs4J ^76-3^70 

lLIIj 4-aIj-jIij JaL _jjj 3jLj Cj!j li jl Jlc.1 (j 3 SjL^JI tlLlj 

4 a, id'ia jlal 4 3 jljjl>J! Li>lal u^ 11 ! iCjL^JI 

. l_xJ^_3J I ^Jju&LuoXI 3jlj^3JI 4-jj>.^J[ jjSuJl oLa 


j! 




Aj^jLJI jjjjjSJ\ t-aajlji 

4 . »a! I aj A3jjla JjI mil I ( jS 1 <_i^i >I 


tlLlrJ 4 _l 1 t n 11 CjLnjalaatl 4aubLaj i LflJ j j aV> I^j>JI 1 LuJa^JU^Ij * ( _ ;r £ij 

al i ujifC! t «3r ojLfrJj 4"i A* da^j^J! Jl£j . CjLj^LII 

l a ^LUl jj) iL l^Ls 11985 ^UJ! 11! 

1991 ^U!l J* i4-uLLJl NEC ^ J[ 4£jJ±i u *\*H tio^LJI *S. Iijima 
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«'*' JS»I 

( 12 ) 

Lsj r } Carbon Nanotubes 4 jjjLU! 4 - 4 ^ ^Li^L 

{jC. Ill ^ u-uajl jJlaII j-a JLC^o cr^ <j^J |ctl*Jl ijljj 

CjJ^A Jl3j . 3j-rvVl 4 jljjV! dJj_3£. 3 JuJL>- « 4 _l>»jJjjU>» <, -.u i .v.< t 

^ic l^aLaI Jj^L^JI (3^£lljJ»1j 4 jJ!_j 1U 4 ^jll! 1 cjL>»jl3Ji ajjt 

CjLlxjJj N"i 11 \ $n cill Jj ll( Q±J ««*Hj ,^-111 LijwjJjI^J)) 

4 u “r 1 11 t_)jbtl]! Cx^ijLaj Cjj-l-oLi 

j jjfclJI 4jLoVl i jjUJI Ljj>.jJj iSu jac {ja ^JjVI l1jLl3_>J! 

i^jLiLl j£jf Jj! - 1 4 j Jrj) JU? ‘ hj4j^-i 1I — ^yJ 111 till Jl^V jl ^yJLfcJ. 


JLae-a ^y jS (jhc .;j ^ jl'a-r.l 4_!j_LaJ 4_3 j^j l_AJJCj] 4 j j»Lfl l—a 

4_<ulal L-fll Za&\ I , i A JlLa . t 3 a , Luoj t . (jj>.' * 11A J l r 4_a Ju3~l \ jljJUj jjLJI ^lc. 

lIUj I Ijt su-uaj tjjLlJI Lijvj$j 4j^_A uu. U J£J 4jj^ 

J-L& «Jj^_A)) ti—isl iluSiVl LiU j {j-A 4 L_1a j-Qulu I -Iaj 4jI i (jAJ .Mill 

ol jA-^ .ta t«jjLUl 4jj_^lalj-jL4])) c_Jj_uo mi" 11 ^j_a 

tltSt-Jl JLae-aj *3 ^JjlII l_jI^jU 3 ^cJj ) L$_uuljj 1^1aniL>> {j-A 

* {j\£jTi JLI ^A j 3 j 7is>* 11 jj+.^ f s \Trill a ~*J 4^>.j~ila jjLl!I j iSu ^_yj ^ 1» 11 

)^>.j 1 A .^..-w ^4-~tl ^x._La ^j_a 3 I 34 JI Lot 




S2u^jLJ 1 L-iojlji 4_^u 

CjLaxgi 1 I *4jjjLl!l _^L) I 


ji Ir» 41 CjI j 4 ^jj>e-a 4 jJ^la t. mjIjI ^j£- 3 jLlC. ^j_a j^uVl l^d^ju 

1.4 ^yJI LAjLL^ I jl «-] 1 ^jji^La-a ^yj Juj t ~4 j"W. ij —iu-iaJI Ljr ^ 4—j-ALHo 

l^yA 4jjjJ V l jin jlr> -3r" l a i LIJ I j (5 — 7) i"ilI . > ~l4 QJLj 

4 tr> mi 


W L> 


<ai iJ 


i ^xIlaj CjIj j Jca_)!^3j ^ylllj tCy <j >LjV 1 

1 ^ 1 jj ^a^>< > (^yllI 4 jaA1 <il~H uLajljj^Jl (J uJuj CJ-A> (jy jQ 4-3-11 In’i a nU \II 

0^>J-*-i3 ' -Hj JIa hJjjxVI jlj—a ( _ T ^ 

^LaLv 1 a jTrj) 1 4^31^1.^3 3 -^ 3j^_i^o (‘-r J ) (jr^ (5 — 7) ^JSL—JuJI 


jl£j om£l\ 4jj-uV 4_i3j 3 ->JI ^px-iji 3 a H LojI La a n jJ L>»jjjo_i 1^ u4 

4_*_a^n. Jl3 LS i j jj &l JI 4_1jI^ oIlsLL} ! 4_ijj^l^jy I CjL^£Luj^£L1I l.lxi \Sj^ 

Cjljj uLajljlj c 3 1 4_jJj jJl CjIj-AjJJLI I * 4-iic. 4 «u3ii 

.4jj^jLJI 4_j^_u I 1 3 Jli a a 4^J^Id jJ^»u^L*_u j_y3 
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^y/ h* 


ljL'A T I 1_U£> t 4 J p ■ ^ ij— 4 w ^ ■ t-» **■ “* |^ mj ( l) .(5 - 7) i 

LifcjJt^a ,i i) ^j.x la a ^ m \ n~ \ V >4 iJjjLUl <j ^—ijSJ \ \ 11 iUj ij—* 4_i^ji <* 

>^JJI ^jJL £t-Ju I .^j^j^SLJI uj!j j Lwui _iUI .^a^}Lj 1.4 

3jj (lj) l>jr 3 <JSL_tiJ I .4_ijjjVl JjLiA L_fl_jJLi III \ ^1^11 

iiWl L->< > <1ir \j-S~a <L)ju ^-i 4_I Ojl^I i 1,^>j) j j ■ ■ ■ * ^ aij_i_U 


( 1 ) 


1991 ,»LjlII i ^ A ,-“Cl ^yUt Aj^jLUl tjjjjSJI 4 _i^jJV OljJ.1 


$U8l Mt t*>Vl f4J 1 j| 

uL/j 1_4^JL>aj L^I&JJQ 4 -! I i JJ} ^_£jlJ__J 

l *~ ■ -^ i l ^ < i<t i • \ ^ 1 / f~ 1 j«lUia i •’w. i , i mj . U ^ 4 ^ i. , it 

_ t-u-a L JiL«i_j L^jI iSj^LUl I lZjLj^S! _ t-u^y\. 1 

NEC 4*^ c-i_>.LiJI j-Aj ‘ I jJ . 4-u£jj£J')2\ 1 . j '“'j**-11 4-c.lii^> 

j»5c_) i I Jl^ 9 <^JL*JI ^ 3 4-C. 1;^ _Ju ^cjfcl ^Ju>.i 
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i La^j f)IV) 4_Ajt_JI aIlL^—Juj 1 1 c..x>- ^ySwJI 

I j 4_*_4 l-3eJ 36J11 I (3d>^ ^ 0 ^ ‘-^ LA <-£-U^J 1 L^L<U-^J I ^ <*n I 

. I4I p 3 LuU^ 1 <Ll^Jj-4^1 

*Uj| tolj^SLII llLIj Uojcj! 1 _^l 3 ^Ls (_yJI Cjlj-ll ^jj>-| ^— 39 

4 In 1" V 4 Lajjjjv^ < tn«^V _ijjJiSUV I jL^LiJI l_j^ _i-xij^£Lxl 1 lLj_>u l^J 4i/ra-~^ 

4jyl JlI! \ £ uls 1 a a jL ln41 ^ Jjljj V <"i!l <jjlj)ln ml 4 j^jL» CjI 4 j my j_4 

Lillj Ooill 5 dLC.jUL& t__4_X_lL jI L$jl£j UJKJ t jJLajjlj 1.4 

jyj^SLH CjIj j i j r a LflWI lIjLLo —4 4_iJ^il 5 JojMaJI L^JSLxA 4 _jJ_lj uLiLaj— 

t L^jfc-il dLujI teij lojjllil cjLx4 3 .1 ^J] L4JI5L1 jI-i> Tl-q 1^ -3 _L-* t~j 11 

4_un4 l 1)I Ju Lufc ^yaj . L7 £j L>^ 1-4 4*1^ ij 4j_a]3y l^L3 

i4^isc-us Jya Cjl^aj iJLjIya Jl^LjJI Jjls LftjJStj] 4 _i£. ^ jJ! t<—31 

eLajJx-~t > uJj j-jj-a3cjJ! cLdJyb (j.uc n l1)1 mil)I l1)Ij <*itf j-j-uas^jj ^Lii iS j-v 

4j- 4 C< 11-^- <_y.ll 4jyfcjJl 4 tt- aJ-AUu 1-4 (3Ju-o C<Tlh I ^jJl 4 _UjJ1 ^^3 

. jjlll I Lck.^JJ L»-4 y^ju« 11 1 * Lfti^ i"u i 

3_Li>Lj 4ijj^-*4l 1 AJj-j 4iijLuaJJ Jjfc IlIjV^LcuJ 3jui 3' Li-A -ijlj 

LllllJ jjJajJ I«la 

." >1 ^ 1 ■ ..-v. LaU lyuA>41 i ^ il \ s )\ 1 j jjj ^ If- ‘ » mj 1 a ^ 1-4-^j J '*'^ 

Jjja£.^L4| J-ijDjOyiJl lyyLfVI ^ l^J CxJ^lj 4_U^£. 

. ^ ^ aLljjI l^oSLl 41 4-L?£jj 3-j^ OSj^ I 4 ira.-’fc-La 

(j-ujJ 4 l_jjjl] 1 ^jCL>.LJI ^>a jj c_jLi—liJI ^Liji L1 a 

^lnt44 t4^jl_uaJLl i j — 4 L4 S^jkUi CjJwLJI l_j — liuij lj! l . 4 . 1 In4 jL*Jl {jA 

j^jt jLjhJ 4^11 4^>.Lajj ^^J-) IJ-A ^ic. Ct 4 \ Cjlbl_ 

aJJt LU3I ‘ 1— 1A (J^ i 4-11 y°Vl — 1 .‘v (jr^- a<II 

4 j^n4 33^ LftJjJj • I_ULljlj LUlarw^Lc _i_uj 3' U^° «4—BJ)L-n-U» 

tS^-LJl Jt~i ‘ nj i a& ^yJI 3juj>J! 4JIL4VI {jA I Lyjjljl J*\ —il^l 

. 4-3J}1 i^nll 0 JlA <■ _j t ia yyj ^3 i. < ■ 11 4 4If. jt < nj <, 3j*Sj ttfI^J 1-4 

44_±iLaJ_4 dyUll ^a^jl^JyjJ O-ilS Jl ia 4^Ti^ 111 4_njj_3^ Lc-jj^j) JjlB 1 4l^i4 LsLqjj 
4 1111 \ In 1 II^J 1 3 * ~^ l- 4 JH^^9 L ^ J-u Li-iJ V! 1 3 3 L> a 1 11 1 ! 4 Uj— 4-4iJ 

^oJjlII jL>Oyi 1-i^J LsjU-a-4J tJjLiill tlllj ^1 i 1^4 4 In 4 fJL*J! 
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*ALJ1 


glijji 

- - . . f. * 

: l^jaj 5 jlC 4ia < aiI^J 4j^jLl1I jjjjC I c_xj_)LiI 

^1 4-ij^kJI ^iArc Discharger u 5_Sj^L - 

♦ l-aojLjVI clUrJ ! 4*i <jr ) ^ T 5 1 *-, t ^ t_4-~ , ..I 

. Chemical Vapor Deposition (CVD) 4-uL^lil 3jitjV! <-u22^ - 

. Laser Ablation 4juil 21cnJ^ 2 ±)jail - 

Jjuo^jJI (j-d Lflg.1iA4 I Ju^jv i3j H3 JlLs »1 41 * 11J lD .‘-U 

Jjj 4 ill I 4_>*L»» . U.»il ju £Ij 4 ,^Kj J* I i^j2>~ I 4jj>»Ljj JjjJo ^1 

d • s»~\j a UjU^t lIaJ I j La 4 4 jjjLl 1! CjUtHil dJJt Qji 4JLL-1I 

t3jL»JjJ1 4_>^jjVl 1 4 i A uJJGj ^jyul I (jlj,JL>Jl JJlC, j l—C. 3->* JJ 

i ■ ijjLl : La_A 1u£ ^JJ 4 Tr~i it I 4 jjjLJI jjj—ji Lj I l_ 3 j i 4 ^ 

t-xojLlj Single-walled Nanotubes (SWNT) qIj.i ^Jl 4 _jjLv1 


.Multi-walled Nanotubes (MWNT) 3jqvu 


JLjjJI 3u^l>iLujljYl 

4jjL>»1 4j^jjV LL.jL 1 4 < 4ij (l) (5 - 7) —jJI 

4 JSLl^JI LiUj t i iv Lil4 Lj .>. 11 iLS/I ^i *i I lt jljjL>Jl 

4_iJjJo ^ol 3.i^> L$j» w 4 J 4-Oj- 3JI 1 1 4 j iL j VI lILL (j! ^~i Tn u i l_5 j « ■■ 

(jr 3ju3-L» LaUjJo i4ox-u^a CjL'^L iol 4 ju-A ^ic 45a tOjjsI jjl!I ( j H a 

tBuckytube <_yfL> uo-uLl 4 LLx >-1 l^lg. jILj llU jJj ‘(_^L 3 

jJo-<aj Sal-*. i4jliil 3 j—±j£ c ., *i iLVl 0-LA j JjJo 4.t„—t.u.i 11 ,jj 

j .jjlj lj 4 L^jJ LuaJ jLL l5 VI lLLIj 4_^_l 5 LjSiLu 4 jL^ 1 a>o3 

One-dimensional Structure >L 34 ,i >.lj jjlij s-^jLVI ^ 1 a j—c. 

.^LojjL lJlII 50 ^yJJ (J-uaoJ JlLsj Jl 5 ^ jjl 4 


JjuU i m >LiVl 

4jjjI_LII i^ujLjV! (j-a 4j^jjV l^ugfcJ 14.4 *jj («l)) 6 — 7) i~u 11 jc-tojjj 

4jjL>»! l-ujIjI 4_LLl jJLa 4r.jpa ^0 4_aJ^JLI t4 jljjL>JI 3jJuuJ,l 

t .(«l_»)) 6-7) JuJj ^y—5 lLIj^— ilj L^iSLI 4_4ii jit-a jIL>4) [ 4 I 
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$ *1*11 Jft\ J1 

4jjLw! c-t^jUVI 0 >j j In 3 (jX. ^^Jl I JlA 4jJ_i jLLxdtj I 

£j£. LoLc-J t lal~i V~i (jy jJI L^-u£>!^ y 9 JL^JI 4 t j 1 Irn j _jjj Lo->j Ixij 

.(jIjJl>JI 4j jLv t i ■ M lljVl 



S^iijull 1 gjjlj'Vl 4 -i^-aJ 1 ■* £-1 Ia3* l p ‘"j ^ :(6 — V ) n>T I 

wi-uljYI AJJb tfJAi t~t\« 1 X 1 c^ .<d>ltulI _*-ljL>YI {jJ* 4A^4>>4 4dWiiV| 

<ya 5-L-vJi a j jlia^YI 4 nl~i ■>« 4» jJljj DJL£ OjLlC. Lgjt .hii m4 

S ^ (tjj ^ya LoS tjJSjll 


4j/ ill 1 La/.r>j ^_ jJI *4-Jaj^jLlI 4->>l 4-oXI lIIIj UjJ^sI LaJuu 

‘^1 Cfj^i o? ill {jJ* i4j^jLlI| J I L.M )LjV 4 _1 I I 

oLijuajl ^—3 <(^ <m->JI )> CjljLa! 4jjfcLa — C. J) ->JI Jfi 4 —jl-oj 


OjJl>. (jyJ-llj 4 4j^jl_Lll C_*JjljVl tlUj L^J ^"|~ (_^jJI L ^>I_^>J I ijr ^ « (J IS 1 1 ))J 

S^JUII ^LflJ 1 4 1Tl3C.A {jJI I_ 3 VI 4~1 I il {jJZ (< I ^"l 1 ^ 1 4 * » ^yjl 


L^j^Lftjj^yjJI ^ ^ ^ (Tensile Strength«juioJI 4 _ojLi>a j 1 

t L^ji 1 ^ 11^1 V") ( nhir 4 ) 4.j.«i 1 1 II JdL-ujVl 0 LijLiI t 1 .1 {JT ^ j^jVI jJjI t i. .4 nLjVl lLUj 

j^j^LII l-ujLjV JLiUI 4-fljLS-o jl JlLa ^o_i „<Jj_ lm JlJv 4-j^.i i i^ll j 

4 oj4 { <it i>> 100 ^jLuJ L^jl Jjvjj *4jjjJI dj-ill c-jj^ 4 4In 141 'jj <jjjjLL!I 

t L^jljjl 4_i>- j j r A ^jLjJI ^ylc. cilljij ) .Vi nil CjI 4—i 1 lsi }I ^Ij-il ( _ r J-a^l 4_ojlia 

.t_ 4 1 i^aJI 4Bl^ 4 i> i4 ~t— ^j-ni Ju-u ^J] L$l3li£ ^jJuj 
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VIUI 


ju iii ^ ^ NASA L_uLj 4 JI£j jlqju u^ ^3 

20 iJJ }\ (jj 4 *< ij Ij j au 4 Lllx SO 4xS , u<l ~r ) ^joUj-j 

iJ7 £ 4j^jLlII c-ijjLj! ^ ■ ■■! 4_ijI£LoI ^Jua 4——tuljJ i— SJl^j . LoJtj 

.Space Elevators 4 _LiL^ jxlnnl 4 j^ Cables o>Ll^ 

tilljj .^j^jLiJl ^Luauiil CjL^sc-4J <Llu3jV! oLLaj>J. I t>u JajjJI ^ ^ 

L jaa 3j_p* VI 4l>»jJJ jjj- 3J .(7 — 7) Jv JiJL> ^-l^j-11 

u^>L3 1 ^4 CjjLjl^ Ls £)1 4 jI ^j ^ ^ £33 coil 

jJuuj jJl ii—til! j ^3-ii^J -3^_>jl jl J.A~j i 1.1 4Li. j ,*T. 1 4 ^ js 4_CJ 1-3 

SjJLI jjI ^y-3 Ij )-*- L >>jt JL£j .jVjJ CjIjLiLi 10 4_3lS^I 1I 4‘".dKj) 

. La lx 15 ^ lx Jujj VI £- 3 ^jj . (jyjLuxaJ I Jlaa^I I till 3 J. ill 4-jj^,l,la,l 1 4ilajJ 1 

^ <i a 1 1 C-U^_>-1 4_3j Lui 4 . JjJ till JlJ CjjLfll US t^alx 300 ^yH VjkJ tiLIjj 

.jLL^Vl 4 jjjLj .4_j_i^j^LI 1 t-u-uljVl L_aLi^l .tJajL^JI 

£A t^UVl ajjb Hardness Sj^Lua 4 <m 4 jhi 34 ^^L_uj ^j _4 ^qx^J! 

4_jj_fl 4 _j^jI_LI I tjm&\ i—fcxLjl — (jl i uj^U 43jjJL4 3_iLo JlIudI — ^ ^ L>"l-0 

f> & ft t 

^^ixV C-ulctjJL La 13! jm-uSLI 1 ^ ot) .V.H Juls 4 _ojLb <LajUba Ca> t Elastic 

LT k. dUj ^ 4^^414 .Bending Stresses *Li*JV!j LT U 1 obL^l ^ ^ A 
4 ^ajU^ 4 a ^4 .^jijjlI! Elastic Materials 4 _Jjil jl^ll tulla ^ 
Elasticity 4 _jjj-ll tillj cjj^^ . i,„-fij. ^_al t .>>1 4 —m 4 s> $ 2 t_L .uaJI 

I 4 K_JL 3jLCL_ul (jy Jx 4 _ 3 jL 3 5 jJl 3 1 (, MjUl L^j ^_ 441 X . 4 _jJL*J 1 

j-jJu jl (^JtiJ ijl till jj i 1-4-i3 j£y _L^ CjI jL^jvl ^£1 Jljj Juu drill 

. 4_JL*JI Alu^juAi ti^jill tLdllaJO l j r A diUg a i^.1 u-\ a oyZH jl 

t M li-jl L^j 4~n ^ylll 3 Ju^_Ail 4 L y =>\1 tillj 4—BlalaVLjJ 

4_uL^_uU1 >JI qjs JJljlj 4~i~ Luoj I ^ ^4 .4_u^jL1!1 I 

Jjx ! (4-iJj^SLll 4_ilu^j_U ^lx c-4-uESM tillj 5 jJl 3 ^yjGj . 3ju^-aJl 4_iJLiaja^J 1 ^ 
4-4-i3 {j£- L^~i 4 j-S (. 3r 1 a !bjj Cij>. t L^j 4^LjJkJ-oJ 1 1 ^_Al 

/ I n\ 

3 J_X .tillj jjyJJ ( 3 I r> I j . 3^-4 1000 j-3E_i_3 jjl j _La 

_ l^u (jjJl .Thermal Conductivity ^^lx 3jLa 

(18) 

d i^ti 1 1 4_tlx ^^ A Lj ^ylx 1 fl 1 • ( | ■"■ ^ < i 4ajsv~t3 
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Juufl-* 


* 

^U' j^s IfljuuaJ 

iJ^Ul j^j 

ji?jSi' <*-T jfi 

jefi\ 


u^L^a-aJl ,Liwi4 p > *t • ~» :( 7 7 ) I 

LgJj j tr» 4 ) . i SjS In >.n ^yix 4 t <r*>jVI QLla- hII Cj$—* Jou^jJ - 7 -‘ ,< “ •~ > ^ 1 

4jjJ^oll Aj^jLJ I jj^j^SLJI I—U*.lljt ^yA <LC y>Ml< LjMjIS ,J^ .Till .^LdL^aJI 

id * .>>jV | OUn *hU jj-J) I jt iA i -wjL>JI d\ In "*U.I ^1 4 _j ■>_) t tj 4 _Ltj^v 

J_x3 ^J-A l- 3j in"i t 1 ^rn «J £-4 1 5 ^>-4 4j *3 cj^. j*aJI) .I 1 

^ 1 11 TI ^ l*- i7tl I 4Ji L^3I lj LlSLI I I ■ l A > < 1 1^4 


lj 1 ^ I 

3 JlC. JJ LiJ I (jj J^£LJ ^ k—-*_!-) lj I I 4 J »^~ <7n ^ O ^ 3 ^J >«J I (j| 

« <*<n~ Jl£ 14 j a 1« I I lIjLjjJlJI JjI SjjjIlIII 4 j a U II djl^tjVI ^yA dalle 

5 4 jjJ 1 4-ua LisJ! Cj[ 3jjln*il I j, 1 r\ JteJ ^jl l-jLj^ ^ I cJaJ J^o 4g^a 

t CJ1 3? Jt t~M 11 0 JJt {j)*~\ 1 1 1 1 1 ^ 1 V 1 4 ^oj^c. I q I Cm _J lj Jl9j . 4j^j l_Ll I I>11 (j—« 

: 4jJIjJ ! lIs Lilli {_ya LiJJlij u 4 I jl L^ia ^LxJl 
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Energy Storage 

.Fuel Cells j^jJI LjM^ 4c.lu«g> - 
.Solar Storage 4^,,*^]! teLLaJI - 

Hydrogen Storage cr _ 4 oc.jt 4_ clLl^d - 

.Containers 

.Lithium Batteries ^/ulH CjLjjILu 4c.l_Lu> ~ 
ElectrochemicaU*Mdi^l34 

. Supercapacitors 

Electronics GLuj^lSl V1 o 

.Field Emitting Devices - 

.Transistors - 

.Nanoprobes and Sensors cjL^LuoJIj 4j^LJI - 

.Chemical Sensors 4 _uL_4j£JI cjLuL^JI - 
.Flat Panel Display Screens 4^.,.1,1 ^ja!! oLiLi - 
Microelectro 4 j^Lsj j&A\ 4 4 -uLj^UI ^L;II 53 - 

. Mechanical Systems (MEMS) 

: Lfl-OJ ^yA uVLtjfl 3 JlC 4j^jLUI u.<ujjj I IjlA 

.Composite Reinforcements ~<l £\jljll 4 _»^jj - 

.Water Filters aLJU 4 _l2ZS jjMJs 4c. Ll^ - 

aLil 4_ii_>o o 1 j 14 r. ^3 4 ^ 0 , \ i iiXI Membranes 4j _ JiicVl 4c. Li us — 

.Water Desalinations 

.Waste Recycling olilVU - 

.Drug Delivery u JJ) Jjaojj - 
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^3 J_,l >_uJI (Jj-a-oJI i^y —3 m i m »\ 

j i r\ 'n I 4. nljje-ll _ C, 

* 

Cii_ ^z£\ i4jjjl_ll! a jlj 

I^Jij 43}LU1 j j)fttII 

,r\ rtI 1 4—x>>jJ ^ i^ll 1 4.ja AV1 ^_II 

* j 1^-11 lilb I ^ l**‘ ^ * 

^jljj>. 4 < Ch^n La IJLA (Ja 


jlj^a (j-a jjUI Lp^Jj) r^*i 

t^l*j Lc£La t ^jL_UI —jjx, ^ i Li 1L> 

((CjLjjjLJI )) ^j-a CjIj-iL« 1 Ij CjIj < nt II lIIL A 
L^oiu SjoiaJl J^Li* i~iti ^m^I I Sjij^_dJ1 
4 j^jL 1II I •—sl—4_i^ljll 


CjIc.1 JljVI j-—jljj O—llj Laj .4—ajLfllU 
l_Ajlj-a 4 jj—_J u_JI i4j^jLLII 4.j~< t- j 11 

CuJ\j jJij .4—.pa^j 4 _j —uj Sj^juaj 3 Ju Ar>J I 
oJLJI l-jLJI l_}Io£.I ^yJI Lluj (J-3H> (jI 



L7 lc. a— _n ill i4—sjLu^J.1 jin 



jl^j-oVLi .4^0 li ll 

3_IJ^a dj.'r .~i1a1 .~.~XI ^1 


11 d_JL3 tj~‘ A j 11 *- 
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^Ul 


J^L>. I 1—jjv-jJjJSJxJ 3JlC.IjJI ol3j Jrtlll jjl— o-j ^-^UkJI 

L^jLLuaj idJLi^aJI 4jjjljJ! jl^JJ 1 i>i * » cjLiSJl ^a 3 i^3ll I JlA ijLa-3 is> 

. 4 > 3jjiI ^ 4j]L>JI 14 44 U L^iLal i>~ t .il^ 33 -mLLU 


<UjjLJ 1 CjIJ.3>A1 • 

1 UjjjI I j £> 4jl Jlj ju_a 4—)I ^jL3Jl jj—c c-filitJ (ju j 1 

i-i-^jJ^ ;<u I — ojjj UoIjjjI Photocatalysis ^ —jj) <^ill 3 — o>JI j _ lt*» is\& 

3j£j.i 1,1 CjI_ (_yA JJlC. J^Lj- 4 4_iil j_ jj ^jJI ^oVl tj— jLU! 

ur^ cr^'J ‘Nano Photocatalysts 5_ 4 _Cilj^sJLI ^_uuL> 

3^_p-Vl 4-jj^l jisaoJI ^^jlLxoLo Lv Ijj *4_Lifi Cilj)i.<,.« IlLo 

{jj* 6j J4*<ll 4lill <■ 1 1 ll jljjl ^9 ^->LiJI l_ JiwjJ jLsjcjJ 4 tt j~ ij tl__juaj| 

^Multifunctional Materials oUaJalllj oLol SjjuuXI jl^il 

J 1^1 i l 1 LL~ f. IJ lj (J^qjlj 4 In jj^JL I 4 j. *.3-11 lj 4-; LaJ I Cj 1 -*>11^ I ^a I 

• 3^luVI 1 SJjijkXa Cilj,.uiij 4 _xjLcL 0 L 4 K t«La_l3111 4jjjl_ill 


Sun Blocker 4-t>.L>JI 3^Ju_JI djULfcL l« (j-^3 

SSjLiiaJI L^jIjjjLj {jA 4_jLsjU (jug 4 I 1 II 4-4jL3Ji 4 j**- 4 »3l dl 33® 4.a Ai^yU 


iJIj l ~x-~i ] LI 4 is> Li>JI jjj^jJIj 4j\_c. jJl CjM 4»• j-iLij LLo 


^jA 43j4j 43-xIaj SlLxll 4_iLwl jJI jIn_i_uVI CjI j »CjLv^LjJ! 3^° 4jJj.^5vJI 

Anti-bacterial L^LJJoijL td~i 4 ^ (J-^JU (jr^P 4jjj-uaJI Cjlj^3_>%XI t.jf. 1 ... ll 


SL^UJjlj jLUjVI ^ \as*' il Anti-fungicidal oL^I j 


aijjja i 3-i-iSkJ 3I jJaljj ^y£L ^jjL3j Jusfclaixjj g^4 4u> La i^j 

j-?tJ 4_3Jl_±J! 1 11 {_y 0 5jjl^ i4_usL>* 4-pljjfc j3^L3j 

, l ^ .*7. <**< . ,. l 1 'if j L .1 i V | ^ x „•%. j 1 s-\ 1 ^pi 11 d 3 1 4 . l ! I ^Jl ^ •-! I {jA 4*i m'dj 4 ^Ll1 I 

Cj \ j Lr* 11 c 3 U^j ^y— ill 3j^>-VI jj_ a Ijm^ inVl ^^3 iiUji£ Jufei ,.,A\j 

4juaul%Jj i 4 II J_>.1 jJl I J«a_ujJI 4 j3 l*i 1 4 j^jLjJI 4___oj^u2l11 

3jJl3J1 41 dU ys ^11 jjt . Deodorizing 4^jj£dl jj!jjJ! 

1 dilij jJJ, I j J_J I ^jl! I Jj-i-I I 3*^“ 1 uj- <~il I dLix 4 j 3 nj 4 jjjj>j ^—Lc. 


. L^j (J7 lJ I 4 jj Lvallj ii^_J I 3-1^ >*-!' ^ 


^ 1 l*a -1 1 _j 


3U 
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i wL*au 4ii*i 


3 Ha t a 4.xx Lx j j_1 1 ^ I Jtiej—u I ^ k**n I i 3j Uxi 1 j Lr J Li I ^LiaS °ij 

t Cj L L 1 11 CjL$xI £ t 4ajjjJaJ1 Cjljpj xl! CjLlj-lx i j r A A3 La—L 4-d.iSj A a iU > 
3 jjjusj ^ L ,VI cliij 4 _bLLlj ^ic lIUj JtasLxj Ci_ix < LajJ La Ij^al 

IJJ i 1 1C. 4aJ^j^£jj, A CjL ^La j I JjJ I ££. I t_i—*-ujJ (jj A i 4 -cj I A 

. Self-cleaning ^1 jJI < \ ^jVl <—s^ju La ^ a^ 

<4olLtJI <J£ ^3 Ij JSL—JiJ i LAj^ilJ Cj Lari III <?JlA 

4xj 1 a jl lm VI L^jjJlaj 4^j^_i_U 1 m a Irw a _uul ^3 I 

CjLscjlLsj La-UnVj i 4_a_Loxl! 4 ^ j. tj X" 11 CjLatU-aJJ 4 a *> 4 in II 4 jOU ^1 , ..Vlj 

. j-uajJ I j ^a xuJ 1 C < 3c, j I 1 LJ1 L> l£j 


4 u < uSl j^jLj 

i Juju JL^c. Jj Ti02 ^j-QL- lJI Ju—i_u£l 3_>La_j ^JLlII A3j^a £_xjj 

^Ljus VI jl^>a 4 x.LLuo ^JiieluuiJ <11 4.3 jxl <-u» cHIj Laj Cj_»L£ lIaxx 
4 j iajJI 3jiLiJI tii L J}Lx 3jLU dJLA —uxl *-_>! i mu \ j-xjuj . <i^LLx!!j 


^LixJ^L! 4_3 _j Jlxo 3_>La L$j I ^lc. Sj^Lc. < (jy j Ijaj^ll L^jLjj l^u-axjJ 4_L^JoJI 
4jLs *Ti02 3jLi ^JLHl _SL^SJ! cjLuJI Ijla jya ^ If.j . 4iu^Jlj 

t4jTr 4i»3fjll (3^ 4_t__JuV! (JlLa i^.jaia]| j.^1 is\ a ^a jJuuaJL 1 £lisjju J_1c. 

4 iLrt LkJ 1 U.Uj Cu-3j_c. J3j . > tnx^Laj ^ t X _uj ^yjl ia 11 4_Io l ill i JI jjj 

^ ^ *** * “ 

4_j_lL> ((Flaking J Ml 31» HaxjJ —X i4-l IM 80 -xla 4_LLaj^H 
^all <^ ^ ^ ii a illH 4 1 i^i V 1 ^ i/>jju Jl ic <Tl0 2 (jLA Jlj 4jUn U i In > I 

j? 

. Ti0 2 3_iLa 1 (j~t I in ) iJx-Ju 4 i^ia^VI jJI l^iju Liajl c iimJ 

J* 

^ujljlXI j 3h V a ^j_a ^jjixLJIj g-Lylt ll t t (jr uaLU ^Ur>a J-Laj 

j f 

Jol ui111 ^_uL i S^jd ^ I ^ Aliai I dJub ^)l_Lu ^~1 t J ^JLlII (jt 3 4aa.lt JI 

a , .,1 1 ca\ ialjjJl Lillj ^jLj ‘ ~ * j- d ^ 1< Photoactivity ^^jjaiaJl 

i su aVI ^L 4 _JLl SjJlS L 4J 5_iLa L^jL> <Ti0 2 oLux L^j i~<t i^"w 

l^y* CjIj j JlI^J 1 Jl^j 1 4-l-% maJ-JI 3^^ O**-* -LJI 4- t JoU ^ 1 <"u~ 1 13 

4c. L^it |» (_ ,iujj f. La.lt 11 I . CjI mi>I I t-iiij 7t_ia_ lm < _ T ic CX^ _ | - u ^^ I 

^_yJJ <Cj 1 ij ixll tilij ^ya 4_aJjJU CjLLajJIj CjL»_u-*aJI i ((^j^-aLLJI 
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» 

jl djLua-flJU ^ .i>L) tOjUU oJufc L^j ^~La"i" 3jujJ9 4jo-aL>. 


Sjj) i^>Tr a Ct mij! 4 j<5 jl^j . «Photoble aching ^ jj j>> 1 1 

t <jjj 1 4 jjjL) jLi_»-ul^l 3 Jjjvj^o 1 g 1 . 4jjjI_4_11 Ti 0 2 CjI > 1 1 -*. 

. ZnO udjjJ! jlij-o^I (JiLo t L$j juij Laj 1 jl aa 


jj-bJI I 2j_Alia • 

(j \ Jj 4 jJjJJ *-_) Li—i-u VIJ 4 j 211 4j1«LlJI 4 (j I CjJ. vj 

4 JtJuV L^jJajJU U if dJjl <.ul 1 IJlA Ti0 2 ^JJjLijuJ 1 Jlj _pi niv dlL.n 

. 4_iac—tui-tjJ! <j-u-a—4 j» _ il Jla ^juta ^j-ua j»1 <^a t j-a 4_ ajLii 

O^Luaji,! oL_4jjI ( j-a jljJU t _ r b f .juIaJl ^_ya\ ±rTiA I 4.j5v 2 i 1 'C j a j^Juj I_ii£ 

>-/.■>.jL La 1 jj^lj Jlo t 4j^;!l Semiconductors 

dll j cjIj Id Valance Band ^jlkll J^l£LU 1 JLLI ^ 4^1^11 L^Ljj^JJ 

Photon CLaljjjjaJ! 4J3U0 /-uj 4 4 jjj_ua 4 ^Ua — (_yjj.ua j 1 u~\a ^^j * jl jJU 
j!j_oj_ ljjVIj ^LaJI « Laj^- 4-»)>3 cr^ l -dJ j J_ aju — energy 


CjIj j ^ i'n j . 4 J 3 LL 1 JI uillj 1 $j1 l^V 4-Jrxtdll jj t3j jJl jy-a (jl ^ <H Hi 

.1.2*4 iL ^_—uloj 4_X j iKjll iTi0 2 (Jj-o 4 4jjjUI 4_lj^laJI Cjlj-aaJll 

4djjLuajJJ oL_*ll (j-a jljll 1 Jew OjjJlucaJl 4 jjjIJJ! ojLajI 

. 4_>j_L4 .1 j < L$jj£ (_y* 

1 ^** 14 J 4 4 <jjaj 1 4-dlx. 4 iiLU oLjjjj^JV! oil A *_jL_ojj£1 JlIc.j 

,.. m ,A L^ild iOjjJ! Oij-Lj ^y _jJI 4^LLaJl 4 aj4 jl, V 2a 

Jl ^ 

^l Uj ^ j-uL> l-Sjju ^1 JjLUj f^y —II ^ajjUl * l— Ajl JLa ^— [c. 

^o-l^iLj 3 UUU! 4 1 is\n\ ^jJ! * Conduction Band 

ojjkL^-U cjtjjLp^jyi ^jJ 4 Luk 4 o-o^L>-j .Band Gap ^LUjJI 4 


4-JLc. 4^LU l-j. <*t2^j 4^lSOJI i^LU-* 4 jusIjJ! 4_jjvjUnJI L^jljljLa . A 

^l£Ul ^LUI t>j lUjIjJI j^,4i>Jl£' tjjSLj t Band'gap Energy u a 4 ..1 

.S^atAll 4 ^ (j^a 4 o^jL>J1 cIjLjj^jSLJVI aTu L$j 4^J— 

jjUu I a L^jpB 4 4 _JLjj Cjllor 4~4i J^ao 3j jJL (jj 

L^jIjj (j_a 4 £jIj . Ollst_ 4 aJ l dill l^t a (J 4 -> i .j al<"U ^LUIj L_£jl4I 
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yb^lU 

I dlj u l^rn La jlx.J_ lx) . Cjldt_CJI 4y*-ya CjLcIj-B 

CjI Isc. 1^1 ] 4_L«L>Jl CjLclyU!) 4 jl 1 ya jse-i <Cj Lira:_JlJI 4_jJI_ lm 

f .yo CjL) yyij 4 jjIj j3 LUj jL^j V I £ \j . I g 1~ n». l__£jJ! Jj t~4 i^4_L>yo 

Jjllr> m 1 3 j-a L^jia! iya dyli tjy ‘i->- — 4 _ij^ ua 4 bLLd — (_y i <i Mill 

3jyL 4ylj ^ 4 CjL j 9 > j£UVI . jjyyy^ y' ^ 1 

Cj 'j nr 311 Ifl d ^_yji Jl^jw did jJyxl iCj^Lu^jJ.1 di i i~i 1 ya jlyU 

i ur ±j^l\ jLoJI yj—4_uJ 04 ^J! dJ j l> mLlm\ t Cj 1 ‘irr uJl 4y>ys 

. t__c>yUj l-JL-JI — (jryLadl 


^ t-» ■ ,.\U ^yj| jjl ■ * • tX * T t 1 ^ 

^JL>-L» (Ja£. l£j—^ * ‘ydLU y_3J! CjIyjJL. t n*i 4jly JyB 

4 jI f . Lb ^£Jl4 ^ _ a < j£nr‘iM 4 Aya 4_y LjLjJ I CjI_a^oL>JI 

4jjjixt II CjIjjILI 4_j I j) ^.Ic. 1 4jy lj CjI in> /ya *^3 ^ ^ Tl0 2 CjIaJq 

t (j\ 

L7 3lI 1^ iSjuij 4 —Jj-^O yjydl t_£y>»l Ji—Bj . jlyi! £_La—y° 

\ £*\ -a 1 n J-L t^4_jj) <nf 3 jLa) liLyj< hV I ^ya 4 din ‘" ‘ ‘ ‘ "J L&iB 

^LBy .Ti0 2 3jLa {j-A 4j_}d \ Sjyij ^-Ln < <1 <3yB dJjy lyuayLj 2 ystj 

(_yJ1 djy y i u'^\ y4> y<a Cjl_ijy>J 1 JJl C. <_jl_j_a5tJ dJ j Jlaj (yyill 

. • - _ * 
ti4' y\ a y lid I ^)! JlB^ .Ti0 2 3 jU 4 j In i. t jJI 4 j>.1 1 nil ^Lnjfcj 






cy° 10 j^^- 1 4_i Ln tj Ti0 2 j 


Cj L,jd 4 _j _LuylI 4_j^ <>it 11 4 Zi 1 In! I 0 JJh yyali dJ j Julj iya Lb 

dJjj 1 4 j y f <i n i i JI 1*-iVl JuJyJ jJj-xo ^yi 3j 4—ojyua 

idj^ r <i I (jjyii I > ln-^V 1 4 j) a j 3yLB JlAJJ . 4 a \~i V a 4 y <aj Cj !^y-3J 


<UiayjuJ 4 j^ n 1 a 3&1 1 4j 1 *>ylI ojJLl 3jLij ^_>a LyatJjJu ^yn^l fij d_ 3 .!^>U 
1 ^ i^tyju ■ v ^ 1_ oLq_i 4 a 1 Ln 11 Cj — uL^Lj I ^ \ l 4_jjyd I Cj 1 _ lyyiD 

dlj y (jyo-LJI ^liL • JlB^ .4_3_lBj 20 3jJL ^yyuaJI j-JL 4 A 4 II 

3jLo 3 ,‘L>o (Ti0 2 ) ^yjl~iyII JLj i_u^I Li 3jLa 3 jJlB *4-jyaeTJl 

jLstJ jjyJ) L^ljyoj ^Uf/iT! 4 11 iiyJU i4yyJa-tJ! dj^y 1 <iVI yL4> 

1 ju 1 n^l ^yljj ^La 
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4J_wiluj ( jja La^Lj Laj i 4 jj -r"i 11 d-LA OjLjI JlBj 

lIj i VjL>. ifJUJI ^B 4j"nr ill jJtl (j-A I 4.A.^r-i 

Ti02 3jU» 4jjjLi!l ^Lij^uaJI Cj Ij,a^>iXI 4 Jf.lB ^Juo (-jjLaejJI > * 1 Ti 

4jj-u3Jl! 1 1 oL-j^ill ^£ljJ ^y 3 _t-uVI 4 jLb^j) 4 j f~> t~i (Jl_?c_^ ^_ s 

^j| 4j .^»L>J1 lLLIj g-jl?«-Ll1 t~< »>j1j • 4 A 1~ V11 4u!LuJI Jol—uuj^/L) 3 Jjjv.^J»I 
i At 11 j.A uaM —I jJ 3 jUI (j! ^1 Ti02 3jl—a Lgj j.— 

3. L- <uf*j->o 4 jjj J)lVj Lo i L^jlj^L (^9 lIiLIjc— iJI 4 -jCwj^o CjIjobB 

j| j Ju-A CiLSjja L^Ljooj 4j^-lojlII jlj_l 1 J^ioo L^jLcL {jjz t 4_j^B 

(jy jl jJI t. jLiIaJll! ^_uL) 4-iLajkJI dJLA C< jam I dJj JlLcj ♦ 4*miI I 43jJlco 

.^Jo^u>U Self-Cleaning 

Ti0 2 3 jL« cjImiL$ j ^—3-<a~r> I 3^011 SjjlIII liLIj c<^j I , a - 4j 

C-ll i A 1 nil jjjJaJl 4 m A £~a ^jjLsjJL ^jIjIj (jjj.il «4_ j^jLIII 

4 jlrtr 1 La. 1 4_^B - a , liJj." ■".^ ^ld tj ' ijiA.nl dJjj 

jLLVl 3cl iAVj 4jftJtsttTi cJLl > *jj ^ 1 >■»II 3jl jVI CjLbL -J 1 & 

3jLq 2y= 4Bf^-c3 4 3 .j4j 4 3 i In.) (<jJLLA 4_*j^__i_uJ I J| jJaJ 1 4^v 1 JoJ 3^ wi* 1 11 
dl'J 4 -^L>.jJ| 4 j Ira r. 1 jJI t 3j In mII tiiJjj i4jjjll!l T 1 O 2 

^-ajLco^q Jl ^uI..,.a,uI i _ y ic. 3^^311 O -l-L> JlBj . oIbL—Ju^JI 

1 1 ^ I$Lcj 4jjB 4jjjjJo 4B LLd l^La ^ JuJ cIjIbLcuSJI t _p>-1J 3j^j>»^i,l 

fi 

JlB (JjuIILjj . CjLbLJu^JI 4 j \n£L I c^Uo 3 .a. i>' -..1,1 4 3 k la 11 ^J} 4j_^$_ auj-) 

^_La_i_uj 4 jLqj > - ^y 3 4 j^j[JJI Ti0 2 3_iLo Cj l ni - ^ Ci iSLflJ jl i 11 C.*^ 2° 

2>£. 4_>ol_iJ1 4 -jj^j^Sj jJci^JI ulu<4 j_>-jL>JI CjLbI io^II 4jl^f < 
Lj-c^j t at) ^^jJI 4_*jj—i_uJI (j^-LaJL) ^1_3 jV| l*\\1 (J^-Ij 4jj^tJI 1 u 

. 4_iJlx. 4 j4bL!i5> 

f 

Ci U> 3rJ 1 (« 1 »1 — 8 (J5w, rJ I j jaiJ I ^b5jjju3 (1 ~ 8 ^ I 

4b1 a i~i 4 3_i4j 4 3 CjLbI—«! u^ 4_Jor. I c^Uo j^3Lj jl^j) -i 

'Jj • _l*_i cjIb! ^Xii 4 j Ur j 3 jL3j ji 4 _cIj£. jjyB i4j^jLiJI Ti0 2 3jLa ^y 3 

1( JSLlIJI 1 JlA (j ja ^c_ua3jj . ^3JJ1 3cLua| ^B 4 jOJl% 3_cuJLl ^jJjjuaJI ^jjI u*\a 

4bIjSJI c-BjjJo t~i ^ 1 i3jlC. (3^-JI Jj* Cj-a 1 ( _ r ic. 4j| 
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J J* I u««t 


L 1^> -w t Ti0 2 IjA 4u_lL> fljLfltl - ^-4 4_j IjS t L^jLlj ^yjJI _. nA j 4_Ji_*J i 

1—8 JSLtJI) L^jjLij 4_^j,_i lIjLbI—J u£ 4_i Inf.! 

e-ljllUll SjUlVl i II 4 4 ^'°>L>J.l (^j! 

I cUjlJLa J>» 1 “ 8)j («_:w» 1-8) (jM^«_will J_d-*JJ 

t 

1_4_Lij «_>-)) Ti02 jj - 4 4 a i In j ^lLs SjLjVI CjLbI u.& {jA JLC. IJ 1 Inf ( ^ y i£. 14 MtM. j 

(jl ^jusjI 3jlC S^LuaVI jJjJLIjj Jjljj .«j» 

1 4 1 4 n Ji j A CjL 4 jlf Ci J— 4 t LJaj (j£ J—II 

J)) 1 — 8 ) '"il I JUJJ IJ-A . V1 I (jA { _y~i jd llI 1 J-A 11 4~i« 4 

> t^l~i c3>l C. jQ i~iV 3p 11^>11 SjLjVl CjLbI -4 jUf I Sjj-utS 

3jl_4J 4_3J 1 J 4 11 JUfc^_ 1 -aJ 4j.t>.jua 3 jj i Cj Jl^-I i4jJjLil1 T 1 O 9 4 d ^ 1 U j 

* 

. 4 MLJI 4 _t 14 f- juuj i i^~> 11 cj Lb 1 <^i^[ 11 ^ In <» l 


Ly jjj i vjii t~.Hj L^rs 1 n 4 ^bisl<4 • 

^ ~ _ __ 

3>a >2^ L^Jjk-^-' ( _ t jJ1 4 duSL 11 4 i au U"il I j 4 ju. •* j. 11 4_La_ J^ljp J-4J 

^ ^-u Ly. I) JU j u£ I ^^jLj i2j 1 1 J !■">> ^ic. fJLtJI ci)j) JfcJl l!jLl4JjI£^V I 

4jjjo^aJI CjI j 4->uU SjJlB 3 I 4.j 4 1 * H lLjj — ^l_JI CjL_>*j*ic-4 JJ J— ^ I tTi0 2 

(jS-si-J 4jj) 4_ojLaJI iTi0 2 i4 —jjjLIJI 

ubj .Microorganisms cjLIjKJI JL^q ^ 

L>UJI t _ ;r B a^LUl Ti0 2 cj\ ^ ^ ^-j 3G 4_BjutI Cjj^.3 .1 ^yjJI i—»jl—5eliJ1 
t Escherichia Coli (E. Coli) 4 j^ 1 I L c^uiuVI ^ 4 bj^I 
Lilljj *4 j^jjSLJI L^L>JI liIIj LuL^j cj! u t t>.ll jIIj 3jjbj 

3 ^B 4* niVl {jA L* iil J.l^l Jl^Ij ^ J-i L^jJaJ^JfcJ (jA 

lmW/cm 2 Ljr ic- 1 _AjIJl 4-4 ^ 4 Inj.» t 4 Blii£Ljj 1 4-Oe-4.iii i i! I 


Jol in i (_^lc- »i iia oJ I 3' I 

cjr^J 4 Uj Ju T> 31 i 4 jjjlI ! Li.lIi^ j.CujVI 

4 • j4j 4jjjLj 4 jl^r. Lj 4jj-iLlII Ti0 2 d>l jj j^w *,"< dig. 1 4 I jj ^Jb I ^Iaj 

^_jL±j CUj£i UBj . ^ ^ 4 <>>^ 11 jl ^LtUI t2 )—4 4_nlifcja mil 

I (_ylc. 4 ♦ j4jJI I Cj 14oIa 11 liilj 3 1 1 4. i-u!j jJI 0 lx—& 
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L^LdJI d-lj d_iniill i _ 7 ii I^JjJlS i j r A cJs_ C. 1 tins iTiC>2 CjI juj> 

c-1<aVCVI j t4j> inrtiMi ^3 jjS 4ji—J uVl Jj->-J ^ Jlc. I 

t rtjt tffrlxla] j Jli^. 4^ ^ ^ C< < < nJjj)l<ill ^j-4 Of. Idol ^»1 u.*-n,4 j-x£cyLi 

4j3_>LU 1 4_d 3 _iJaJ \ Cjl^d^-Jtl L^dl ^IuL>o I 4djj) isy\\ Cilj^J^dl jd^d 

. L^fljUoj d-iV 

4jjJL^* 4_t_uljJ ^dl 4 <1^11 4.i<ftlall ^jldJI ^^1 5jl —I jJjshjj 

4-jj^ ^ II Cj I j n ->< U 3j JL3 ^lc. l-3j t"i 11 l-3 Jl^j ^2009 ^LjlH Cj j^j^J 

Jjjq ,<Glill dj_»>S/lj 4i]LaJl CjI < iijj-idl <Jl3 (^^Ac- Ti02 SjLL 4 —j^jLl!I 
d U ?,i \ ^jJl I 4 ij t u!l i(-ul£LU i^ 33 . AiiiJI 

f 

d 1~) C.i.ud'*. jcdij . (jl_ l^jXI jjj—l^LUJ 1 jL$j>J1 t_ A-i-uaj ^oll CjI_I 

jlj^J 4^j}U1 4dudlj 4 _i*> is\] I 4jL^JI JdjA jjAjj 44^11 4— djjJI 
I J_>JI CjLl2-L4 ^yA ZjSlAA £jjj| jd, [ Vtnil £y£. d_l jj i^^LaVl dlj 

dJLA (jylc. LdL^J u is\gj (jt l^jL-jy £yA ‘ I i Ti0 2 SjLd j3 

L^j-U ^yA 22^ jA ( _ 7 oJI 5^ J ->i 11 CjI ■ £yA 4^dJI 

.Swine Flu (H1N1) jjjl_L>JI Ij-jjl^ i| ^-^Lj 

* 

^Lj-ujIj *H1N1 CdL) 4 > ii>)Lll 4J— <_dl i _ySS ^JLaJI <■ 4 ^ » IlLqj 
CjK J _CJI C__ 4/4 1_Ij i ^xJl_*J I a J Jl*.~<.4 4_j 4_iLt^VI 4.— 

ijj^LaJlj j_>Jl CjLid i a Sj^wi ^LljJ 4 i^> V"<U 4-JLLaJt 

. L^jLaejJua 4jl Li ^j^jLlJI Xi02 5jL« CjU>LL>j CjI 1 j 1 

(Jlj-aJ I ^ _jJI 4,jjLi*n ill jJjLuJI d_b Cc3J-i^a 1 ^,>2^ i L^2- i ^ 

j ^>0 L^jUteULo 3jU—_i_J idljjell CjI£^ CJI cLb! 4_a_ilaji 4_jjJt_jJI 

4-a- j <d-uaj JiLi. CjI_ ^yA Ju, Ju>jt ^j-Ll I 1 2 _A 

» ~ 

^3 I JljJj . 5_iUI dI jj CjI <jtrarr-j L^jsaia-utj S 4da_i3 C 4 jr 1 4-ug»L>- m<n 
4_uLjLJi CjK^AII 4-dj-i 4d ^dl 

Masks 4 1 < 4 T ^IciJ ^ylj cxLuo^j L^ji i^^aj^LU 4 4 ^V~i 1 \ 

t Ti 0 2 cjLoj^. {_yA 4j^J 1_3 Cj It M-Lr> 1 I 111 I LjJ I I. y-t-uj^U 1 4-uo Id 

Cr^] (J jJ lj —*-ad 1 2j-io 4jul4j H 1 N 1 ^^ 22 ^ Lr ^ 1 ^dJI i.-^l 


(jr dxL)l jl^jdl 
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4 >1 yU>iU 



^ jJl JfiLlS (■ 
|«Hj (*J 


—CliTiSi T t f. 1 lac ^yj» 

dJ^Ua |*J 


i 4 i~ i i ■ . | . ft I .t.C 1 1 

j g nit a. 11T StLiisVl 


► ^Aita ^j_4 3 JL£ j g l .hi 4j La Lui£ ojLj) 1 * *“ * ■ ~■ j) <i > 11 p ■ ■• *p (I) : ^ 1 - 8 ) JSLuJ I 

OLaLiiUi a_>.V (uj) .<ujjLJi Ti02 £j[ t i.L.->- ^_4 4jj5w 4 iibUui 4^ ■ L-»» L^LJck^,! 

^ 4 mrt'i ^aL-iIiSLU ( j) . lt 1L> >_aL «iiS CLLlc. ^ (->’) ■( 1) ^ 

y * 

4_L)jlai 3 j-lA 4 1_< * i7i~» -La-3 - Jy*a L£JL» ^JJaj pJ 3jL!»j i»isLi£ »1 lr>r (-^) idjMia |VJ pJ (-?*) 

ijr 3 ejLiSJ) I j_4s i_4J 3-4 ^—a 3 ^pjJ.1 ^_4 4J 3^*4 3j3_*<aJI) . 3 _l_c. Ij g *t» 1 uj_L*I 

-(4 i i it,) jj>^>Tl (jr Xc: j) > 1 *~tIj 4 ^Lw»I 


Lgj ^— Hi I 3 Ju^-Hl I 4_ij3_lo I Ij —>J I Oj^^j l_ a Jlcs ^ 9j 

t_3^C jjlj Jl>* (jLfcJ JLft£.l Cj.g]nj -Lo£ t^j^jLill Ti 02 CjL-lu> 
c_jjLseHJl C-iH-uI <— <-L>~ iuLi_Ja.~ i-ij.lL) * 4_i_>. I CjLlLojlII 

j> 

\ <■ 3 lH V <a ^J-o LaHI I ijr 3 Cj l_ 1 j i *>i I \ ulLij 3 jJlS t 1 tJT J-I I 4 oj I JljJ. I 

— 4_jj) ir\C jl^^o U>ji ~tC L> — CjL- uI CjLjj^SLi U * Lj^ 

. Ifljlf ^LuaHJI (jt j9 Ju>JI lIHj « t it ^-1^. pSIjMJ _L3 
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£jut 


pU.L J \ | U <L»jL 2la 4j|^jLj ^r In ml • 

4jJul 1I t4-3jl i^ll jj! tc_il— j^LII Jj!— mi (jyS Lj^J Lp£ 

L$jL*i ^j_4 jIj-loVLj 4_>.t4_ya_L*JI _i_uVl ^j_p 4Lil4 3 jlc.Ls 

(j I cJu^-LaJI . 4 jl3^jip ^-i£. 3 Ju^3 4 tplf ^UsLJmSI ^J1 ^o' 
^jJI £j\-Ul1j 4_i^dL^JI Ciljl m.'vVI —ftJ pI^k] p-Ltl 4 jI 4 LiA 

^r j i .i^J J-^! jj-a Ti0 2 {jf-& 4-Jj.sIj 4 P-xLaJ 31 U tli jl^II ^tn < <i f Lfljg p3Su i 

3 Juj_3 SjALLs pi <i Ml L_3_iiij£l 4 jljJLl 0 JA ^ln i nV ^j! jJI i 3 j In nil 4 j I p r 

3jJl3 ^ J^O 4-i_uIJ j ^\ fd H31 U ,4 ^4 jL—ijl>. ^ ^3 ^J (Jj^l 

Ti0 2 4-3 ^Jqj 3LLaii,l 3 jU! ^l*> m ^\^Gtt3.bi 1 ity ^JJL pLII 

,4.xve <it3iiII 4_*_puVl AjIuV ^pa^JLllI Jlajj JjlB 

pULj ^jdllj J_Lii 1_ p 3jLp ^ In 4 y 4aLl^ 4_)! 4 _ 5 j^juU ^_pj 

4 J 41ia1 j£j 4 _*iaij ji Hydrophilic pi_JJ <u>. - Surface Wettability 

pill £ya oj LnA ^juoy_i 4 j^ 1 ^ ^.4 i iu Lp 4 _Li__i_ul^j — Hydrophobic 
<?jla 4^/4 ojIj UKj. U 3jl_ p jJa_m Water Contact Angle (CA0) 

LpJSa t ( jia^3 111 £.j . L 4 J 1 JjUoj dLiil CjIjJoaJ lAjlfi In.ml ^UjljJl 
j^-uallj (jL» pill <JuljkLx3J ^ In < till < <n. (jr lc IJA Jj> (4 jjIjJI Lilt 4p_i4 0-1-9 

* 4jlr 

:^yCJl_>. (j^LSj I VI 1 ijltfT. L*9 1 LpLp-c. ByJt LLaJI JJA 4 33j 

^j-aLol 4 , 3-jln t In m ^-Ul jljAa l_-i£! _«_uJ (jl (_^A _IjVl 

^ n j31.1 J1 Jl3l 11 4«_*£[_l-uj (j I i4jjljJlj 4>liLo I4 ^a1_j 

■ 1 if. 4-4JtI(3Vl lJl! 4^a. V ic JL mil Cy* HI ^Ul ^yA 

lAj) i II j ♦ 4jtd i^i 4 3 i In> 3l In t p Lpjlj — j) 4 lnH (jlj-fll l^JLiwjl 
oOJUJI 3 JlA l.i.fuP ^ya * 4lnj—i a i..l Ij 4 p 4 11 4j^nr‘iJI lLUj 1 \ i^v p~> 

^Li ■4^11 3jj^w^JU pU.1 CjIj In4 1 a. 

4/4 p i 4 ^jkL>-^J I ^-Ica_uuJI (jyic- J-2-* _«^t ,lnlii“n)) <jl (J? £i t _^u—L pVI 

4 n» .JLI1 4p tinILa ^t-K• I I ^j^JI (a _ 7 ^A Clj1^_In_3jl ( yja 1 4 * 4 1 ^. ■ l\ 1 

^3 j-pj i£_Io—mi ^yp 1 ^ 13 ! J 4 —m cjl j£ 41a j^33 ol ^ 

♦ dl jpll 4Ajl^ ('jr&S 
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a~n 4 ais> jl_$lb! (_yJI CjJ| 4-3 jL.^nJLl ^—I) 4jjLj Jj—*_jj 

(ji -5 i La ^_ui^ jc_La_ lm 4 jlitl L^sljjsea—i_u! Jua 3 . Ti0 2 dJ 1 —$j 

(_yl£. I jla~if.l dJJjj iLl»L>-jjJ! j—a lIjI^— laJ Juucj 4 n, JlaXI CA 0 - 4 a ^4 
1 Juk U i u ^y=>j JfcJ La I jl 4 _j I JLj_i . ^x*u>J ! I Juk j* U 4 44 ^jjjjjLuajj 4J3 

C-J 3 lr> 4 jL3 4_oc_iUfadUuJI <33^ (_yJ! TiC^ 3 jLcj lI ^ —m->JI 

4 o-l£> (_y 3 LuoLaiut 35 (jL> IJljj ini! ! Juk ^ylc. 3J33.3U tLLI 

Lxa 3 l I3I_cull 3_,.■■ n jl Ly S 4^11 1 At Vic. jJ3JU (j-aj CA 0 4 jjljJI 

0juk 3 1 iui"i (jl 4 _jibtjJl CjLjjIjjJ! jya j-±& LI4J3L3- Jl^j I Juk . t <ill (_yl£. 

(3^ *r 1 “ 13 . ^ ^ L4J ^aial 1 3^4 L_u VI (j£. < 4 j *>iJ (j 13 4 _£l 3] LL I J-±£- ij-A 1 In 11 

m (jl ( jy 3 iCjLuiljjJl LiH jLLL L^jJI 4 j«liJI 

i 4 _j (j 4^r.j 3 mi'i n ( jr ^4 t LL! 3^0 Cj '3 Inn.l 4 _lo^_x 3 Jll£. ^LwjJI 

^_La_ laJI I Juk (_yic. L-Aj^aTi— ml ^jc. 3 11*> £3j ^ 4^3!j ^c _±3 iiU j ^jS 4J3SL0 


3 J33.3JU 4j3 1 4 t II lIjLj3IU (j^o 43.jJ 4 t__i—i_uj ^ 4 JLv ^3 . L4J c_^>J.I 

I Juk 4 a <w2 r ^a ^^1^03 j3^Lj L^jL^ —*-uJI I Juk (_yl£. 1^3^11 frl34lLj 

c£il3 4 jt^a~i J3^3 . (j^a 4 jj^LI 4 ^ 3 Lc.I ^Jl La (_y3.Lv.jJI lr> < nil 

jya 4 _iJ V! 4 jTr 14143 t J! 3 . 3 ^ —L; VI jJu-aJL 4 _i^^_aJJ * 4 jj>-L>. jj I —i_uVl 

L;r 3 (j-a^Lu (_^Jj 4 jI juJ! (_y 3 ^ jjj I juk (jLs i 4_>3 _>LlJI Ti 02 3 jLoj 

13%Lv.jJI _i_uJI (33^ J33.3II cLLLJI IjL^J CjI jJtaJaJI (j uA jij 4J3Ij 

(J^itJI ( jy ^ ^-4^3^ 3A La^ lr> 41111 Cj I3 311 j cTi, n! (j3J (J3^tj La 

4 3 ilr> (jl^ 4 4-JJ3_I^3J .lj A CjI jj 1413L Li3La tuil (jl£ I jl Lai . ^2 — 8} 

* 

V itf-LLl jya Lila <-uJ I 4a j*4j ^ iftato (_yJI 4 J 33 SJI lIj! t a 1 ' dlij (J 330 Xi 02 

.4j3jJI (Jxaj 

4x>.L>.jJI iJ*i I Ti0 2 5jLa ^ jLL 4_i^ (y4^j Jl LiJa 3 ]I (^_ .43 

lIxSjJI (jy-4^ 1 dL-U lZjI^I n4 ^^13^3 (J1JI (j^a lZj! 1HH3 CjLLLlIJ 

(j^- tiilj3 — uiL jLjlJ I3 Sl^jVI Cj\ 1 j t311^1 1 (j^a 1 ^j3" 4 cul» 

— CjLlxi3«JI Liil ^L» I (_ylc. 4_3J LaJ I 43.jJJI 4J3i 4 i]| iI3XI jj 130 jjj-L 

L 4 <i)Li L^l 4^-4 H (j3_5 J 3Jt_) La — (_y^3 4 >>]| jjn^r" II 3 J 3 I (j£. 3j-i_u^Vl 

. ^JLaJLl (_y3.Lv.jJI 
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^.LJI l**J*ti 


5jLo ^^_i£JI CjIjL^JI ^Luj CjI£j Ju nInj JlSj 

CjIjI j i nil 4j yj L>JI 4^».Lw^J| jc_La—i-uVl c}LL> uliLii^ill 4 j^jL Ti02 
p^LLaJI I J-A jJSjj j) (4_iluSit^a ^jloJjl d«—)l£ JJJj . L^j 4jjjL>JI l_jljJtl j 

9 

|r!ni u *$I i-lLlrJ 4 ^jI J 4j1^j (4_i£^JLI j.i'Mi frLli! 4j^jJJ j-±£- L-^l <i <~ull 

L^jJI l-sLuo! LoS” * jl ImVI tfLi^o CjI^I r>4 l^j-Ll £_ a jfcjj I (j-a 4 x>.L>.jJI 

» l^JLa L y>l-3e7llj 4 -jJjj^£jj,, 1 .j,^„| 1 jljll dlLjjj»> 3j J-dJ I 

l-A^ j <m £LSI OjLj _uJI i4j i >Lv Slj_c 4 JJ)(3 — 8) -JoJI 

“ 9 

^j-a 4^U d 4 n ilnt <.i4 lJlusj jJa j ijLLa^aVl (Jj)tn A d« 


g.-iTc.uLj (Ji _ jJl . L^j jj>.VI Lao«a j, 11 ^Jlaj La-Lu (4j^jLjJI Ti02 3 jLs 

— ^LJll d»lj»Lx3 j_La ST^JLI jcJojlai (jyhz 4 n i In f 1 dJ -A I 

jJ3j La 1 l In_uj jLualJVI (j- 6 — 4jjjua£, dll_ jj-LoJ 4l + *a 3jlc. _£L 

.4^jJLI jLLsj 4 ^>.4 <11 4jJ^JI ur\^ 


4j$lj 

In i U II £^a C UI SjJai 



4_j^LL> ,!,.« I ^LwjJI * t-. ■■■ 
(«L*JJ jjUo 

M 


4jM^ In ill 

(frl4l] > i>i4 In m) 

0) 


ijy Xc. -L>- ^3 p111 t j_4 5^U3i ^jSL-il <L»j L oj» a am.: ^IoaI a^o ■-j : (2 - 8) <jSLdJ I 

4 ^ ^ 1 <d^ils» , A 1 I ^jSLI^ ;4—Lu-aJ ^ ‘ ^ I (v)i ( i) 

^yaj 4 tn^^La < j U~ ... i i»yi . I 1 O 9 3jU 4 -jjjD Ol *>■ jj_ 4 » 4 _dJJ^ 4 Su3j 

> “ -®- « 
i 4jjl^4 ( w ■ A ^rlm mtl (jr Lc. pill *j tn4 4_j^lj 

I djilLi , ..T< . i» ) 4 _lJL aJ 1 
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(jljJ Cj IjLl i ii TI V 14.i i li» 5j—l Citaii >TI 4 ia ^3 5j() \f> : ( 3 — 8) JS> <aJI 

(T 1 O 2 3jL« 4aLa lit 4 (ijflj 4 rt «In i I giinVi j' UaVl JjU^ £ LC-jI ijr J$ Lb j-j- ^ 

(11) _ # _ "» 

. ^ 4jjjJ I (_^wUa AjjU-OJ LU 43 .j-aL VI \Jxuil Jl J_la_) 1 q *_* 1 


1 Lo-i 


4jjCJl 4->JLjca • 
-u-a Lj^j t-o£ 


4_j^j1_LII JI 3 J.I j I 2 jk° L-*j T 1 O 2 5jl —4 Cj! ij t^. (jUj 

f 

lt j 9 i Aj. (^-v- t < a > jl3 iO J_jJ iC. CjVL^o ( _y3 (v 1 a-~L m~> jl UjH 3j JuClII 

^ . ** * 

a > Jl3j .3 _ill!! Xl l _ T a ^-aj-aitila c_il— j£> (jjl (j^a JL 3 J 3 J—L-a3 

ijjj Cjljlgf ^j£, 4 al jtlll o\ ±a Li~ij 4 j>JL i_a ^ iOjIlS Jlla L 7 __tL)b 

Volatile oj~i 1be a 4 <^>r cjL£j^» ^jh>» i (_^!j ^4 jr!jjJ! J jo-absll 

3jU 4 ^UJI 4 —jujjLaJI cjIj^JLI 1^1 jJtj—c-uL) cLJjj * Organic Compounds 
<ji |afxL>o t-jL— lm\ i£\$j ndl 1 jl^j ill J-ojl!I jlSj .Ti0 2 

4 J 34 iu ^jl Jl 3 u4^3Jtl!1 4_fljls Ti0 2 i iua jya 4_>3_iLj CjI xu> Lstli nl 

f 

jljJsl 4_!3jJ1 ^c_La—(jjQ ! JL>* Oj-u£ 4_>-l—uud L^j-iiajuj CjLlijj>J1 lLLIj jl— uCj! 
4 CjI. iJ.i^TI lIIj L$j qTi £ _ T lII 5j.j .<11 4Infill 4^wL^oJj (jlS° J_la . LgladLa^a 
(**< 1 AI l ( 3 41 4 1 <i II (j - 4 4^oUjJI 4 j 1 <13 1 1 11 (33^ 4jtluVl ^ 3 ^! 33 -d! 

l (_ r Lc. Sjjla 4^ CjI J 1 ^ a uojj LAJ 3 L (jl (_y9 CjL_u->J 1 dlj 

(I?) 

. 4^j .11 4_3 j.i ip ^ 33 -1 j 3 ^-a L 4 L 3 JSJ 3 4 J 3 IIL 1 4 J 3 i^itJI C 1 IJ 3 JJII 

4 _l^j 3 Cj! ^ (j-4 <—<iJC j ^ La 1 Iri 1 4 1 uJaj I ( 3 J 3 -UI ! Jl4s p 4 ^ J -^3 

4 jj M 3 4j>JLju3 J 3 .I (j a dj J 3 4Ti0 2 (j-a 4 j3_»Li CjLijijcj 3l 4.1 j4j 

jJI ( 3 - 13 - 43 -!! ^La jl ^3 . 4-13 1 11 ^ 13 -!! CjL^j-^ Cj I Jljj3-1^-j 4 J 3 II! 4_j^d! 
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»dUl 


I4J jL^j lLLJ jj 4 L^i>JL «-4 Zl\jl\ i 4 j^JStjJI 4 j! JlJ 

5 

In 4 ull ijufc iii)j Jlaj Inf 1 U 1 miTI 4_*_iiV 4 _uojj_*jj ^jLrtU 

jf - “* 

3 ^h ^jJIj> Ti02 cj! jjgjfcj 3LLajLil VIj 4j^hJI 3 — 4 t _ r L>.ljJI 

4 /3c.tj . Activated Carbon * L mi <1,1 33 * tiiA iy* 4-a^.Lj oL^uustj 

^Jl La 4^^j_uJl£L!l Ju_L^Lal^. 3i>^ ^jX. 4_j^lJI (ji-st_uJ ttiOj 

^jlx.j-4^ CjI jLx. 4jjill 3^jlk:<tl 4jjjuajtJI CjL£^JM j * s taJ 

< nl i _ T lx, da—i!lui,l 33 i>^dl CjI iri.'V l^juVi^i La 

. 4_j^HJI 3 ja U>jUlLuaj dljjj 

!uJ! ^ 1 n T 4_i4a^sJLl AjjjLJI Ti0 2 CjLuja* ^ * ft A »1lj.x1£. IJ ,1j 


L>" 


JjftLtlll 4 ( j^J^JI CjLulx>. Jxj-u! j — 4 j^r 4 HA2ill 3^ 4 Ami VI j J-ua-o 

L$jJ _L4*^lj lZjLlxjjv L^lxjalal ^lll 4jj)<nall SjJtjVl 

(12) - (, . m - 1 

1 ij] ^ 1 <-A 4 j^ CjLi^ j-a jjjua 3 ^ ^~~ 


«U_4jj^SUI uluj.^! I • 

4 j^jL j oIjjL ^j—c. 3jLlc {jr^ ‘Quantum Dots ^ <~A > 2 <-*■ 11 

M* ^ , 

4 n a (_yix. I jl at a j, tCj^ us 4?L—lIj I jlj-a 3 a Nanocrystals 



(X, Y, Z) 4 jjMj j>Lu! ol j Nanoparticles Spherical 4 jj^ cj 

i Ljj£ j La£ iCjL^JI 6 j A 3 I 3^ . 4 A- log iA 4 i Ml jl 

CdSe 4 CdS iCjLSij^o (J -^ 0 tlJ^LuajJJ <?L—iZjL£j^a 3j^i^n t _ T lx 

lit! 4 j^jLj oL-ujv 4?±±jb 3^^ La 4_iLb 4 CdTc 4 ZnS 4 PbS 

jt *Fe jjjuJI <Pt 3 —3iLdl iAg 4i^xdJI iAu <^ ajJI Jil® 3j >. 4_3-ib 
. 1. 4 a^j£j CoPt3 4 PtFe udjl^y Jii-a 4 _j^ls ^iSLumJ cjLuxv 


4_i_>ojlj 3Juj • 

3-° 4^a, k 3~i j I 4J3JI oJ LA 3^} Jt -jj i Jjuadll j_ 

L >uJ^J /JJi« »j 4 ^ 4 l 4 .fl g. L a qj$[ 11 fJLc. ^Jl CJ^Lhfl»jll <»L . dtSf 4^Ldi 

4-i^j^Vl Lul4jJj$ 4—^Ltej —.laAU jh 4i,l - Louis E.Brus _ j 

3jL5tiU cjLVjJIj 3j,j^ -Jail Bell Labs Jj JjaL*-a Jatil 3 _S < i.tl jJI 
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J-JjLj 4_x3 1983 ^L*JI L;r 3 1 J~ITr j VLLa j— jjj (j^>. — 4 j£jj^aVl 

I !jj>JI ^ru-u->u ^^,.3 CdS L__i£^_o lIjIjjIj cjLi^i•>. jLajI t <*Vi 

IIj-*ijI ^jjJI ^ ~i~»» 4 1 of (jjjiaj (j^JLh 1 JJ—*-*^Jjm-}I (J-uoi jjj . I 4 J 
ljj£U3 j] *5^11 4 a#U ^LaL_j^L jjLHI ^n-LtJ 4 j a. 1 • 1 I ■U1 ■ ■■ jVl tl^jJ 

j-J-X jJ -4^ J J-C. JJ ->Q L^J Ij i$[ 4 j 13 J-C. Ij (jjjla jKnlj lL) I Jlj*ij_i_uI 

JLj ^ji Ljj^x. <j ^lls I jJ . cZj^Ll-ojJLI oli —4^oj-a£Lll cjLj <>JI (j—^ 

4-ajJLa iKavIi Prize 3 JjL». 2008 (jr JaUI ^L*JI jj < .ij4jj^JI 

^ 4_j_3tJjjJj I cliLejVlj ^<mLjJI 3jl jjJ 4 ju>LJI ^ j 1111 4 jTrjjjjJI 4_i*J_jl£Vl l j r a 

Sumio Iijima 1 gj^rjl jjjaj_4_u Jail ^^LLJI ^JL*JI ^a aJl m LLa LiUjj 
oUjj . (14) ij^UJI 0*0^1 y -uUlj- J I>|^ 1 (J t^WlH 4_JI ^ J II 

*M 

JLse_a jjyJa 4^>L>JI La^pLc. I JuIj 4jej>»LJIj Sj. 0 " mU j ^ A Sj Ij-J .laj 

.jjLUI L->.jJj Klj 


Cj\ ij |-*H) 4jjjI_L! I oljjLJl lLLIj jLLxBI { _yx -OJ Lj_a J * Cu 

I jjb Ji-1 j j i<n>i) (j 1 4 cj 1 jj U 1 Oj 2 (> j\j Ijjj ^yiil I i ( 4^j-ft^LI 1 

3jj 50j 10 £j\J La d)lj4liJI 1.5 JlC. 4 J jt i^JI ^ygTT ->.11 j _i *>JI 
ty* Single Atom 4 jjL^VI SjjJI liJjJ _^ c_dJ_^ I jJ 4^i£Vl ( _ y L=. 

^J3 IIjlLl j_Ulj i 4jjajq£LI I cZj I—jljjJcJJ c_fljj UL1 j_Ul i . < jSjuJ I I JuAj . 5 JI 11 


fjyA I^J^ IJlC. —miil y\~i >j ^JL) I^LaI _L3 4jjjLj jlI 

Jjja g. LaljfcJ IJ ^'i^LJl ^UlAl _jljl»l d_LA JlSj .3jUj-dJI I 

4j t Ij Juwj .V 3*4.4 ^jj a n 11 j_Ul 4jj^gjx!I L^-i-a I^1^. II 
i A j-ar i nrt i j II 4 jlJuVI (Jjuu tc j xiaJI jJ^aJL L^-Jojjjuj 

JLlC. 4 a 1" V a ^jljJl 3 jj _(jyJs ^£L3j 4 31 In" cj-uaJI 1-LA A \ \—^jl j!i 
cjj-iaJI IjlA jjl Luajl I j a JujS>I wLSj . 4j.j % a Wavelengths 4jj>.j^a jJIj^dI 

^Jj CjI i ni a%JI &JLA> jLL=l3 I ^ujjLo^q jjylt LlK I j LaTtr. 1 JLoaJU L$_La i^jli 111 
jj^aj . 1 ^ 4_L>-1 jJI j-us^LUJI c-<_i-n-jj 4 jj_A C- <? jLd~r. I l-jL^ 

LT^i tCjl 4Ai->JI liljj jLL^al jLfcjl 3jl jj (j I 4 Li_A j£ Jlj I s— A —Jj-LaJl 
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l— S LlLs V I I I l jr-A ji. I (J jlaJ I 4 j L^J ) \$tA •> I I Jll L*_Jj I 

9 

^j-a^LZj CjL w>JI 0 JuA 43jj 4o3 _>l jjJ jjl CUiij^JI IjlA t (4 oj^_I,I 

. La j 1U 4 t jLljI ^ jj LiLa 


I ® 

<jl 4 ^q^4$1 1 I CjLxxx^JJ 34-ljLj^_ m 11 I C^jkLjI 

t4-xc. 1 ] is\ 11 CjIx. 1 F>3llj _aVl (J£ 4jr fl dJuJlCj 4c. j) Ti/O CjVla^a L^J i ->-■ 

4iU1 Ij 4 -i^.^J^jJI CjI iIrwl I oLuj^jSLiyi 4c. 1 ii^> ^3 (j^-vVl CJ 

* 4 nj*iV 11 

4_t tlrOI OVL>«Xl • 

^Lol lCJ Fluorescent Markers 4jj^Ija uU^»!jS ^aV. .,1 - 

jLu! ,,jjl 5 n CL*_) Ju 1 j ^ /u^Uj 4-jjLIaj., i,<JI L}UJ Ij 

- lZjU>L*J 1 tilllj SjMftliaJ! _iVl t 3l"Vij . 1^ <iTr-w. J, t ^IjjVl Lil—1 j 

cj! njlkia) jLajI i—a5Aa>-lj 3 j.jl>JLI — 

9 - ^ 

4j^I Juuail CjI j 3 J _4„Ll_j_o^J1 Jlaj ijr ^ < I jJ . 4a JLal. -mi 1,1 4_iaj_*SLll 

9 ~ 

p ... ^11 (1>^ ^-1 1 <1 mi^ H (jV! 44jjfclu*II 4 jJ LlJ 1 

jllj-4J 4 j tU CjljLdJU 4 j^ 0 j) Cjl jjjA 1} ULLIj J-4->iJ jjl _13 j — 

^,^3 l j t ^>r JUj ^ t , t? JL) 4 _i_)LLI Lj^L>J I 4j>-■ j -»■* i4_uLuu£> 

44iJ<<iH LiL>J! jl^stj j! La 


A - % 3J ~^^y' Cjlcl nr*ltl • 

^LdVi 3^4^. I £ya j. /i^ ^3 4 jjq^o£LI I dl 1 1 <, julojJ c-4->L>. ^ J 

4 -xiaj^C. Cj l 3 j > ln~> L4J JL_ m LuaJ? ^j- 6 ^ 1 ^4 _ 

: 4 JLU! ^VLUI 

«■ j- JtlU 4 . UI Cj I j jJ I 4 c LLl^s 




nj — 


Ljr^ 


^•Li^aXI J !u Light Emitting Diodes .LED 


■ Li C. j 1 O^L ^>6^" ^ Cll U 31 j I! 3 jfl-w I £ya ^13 <nt I t__U L>J I 

4jLju 9^2 (3^ JLiC. ^_^>* Vl Lgj^j ^-Lc. i 4 I^J 3.‘ * ‘~‘" 
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1 


a 

CjLlx-LII Sp-Li^dJ ^ i V~ii n*i 4 _ r ^s (jJJ.3 . 1 * 1 iioU jljuG_i_uVI 2UU. 
fAjjJ.1 3^>l 4_jiLiij 4j_pSU! (Jl^idl ^LsjI (Lr ic.! aj^w^ll 5j j* <^11 

. 4 Mt A 4 _l£. I jl 4 _>-J^S JLlZlxJ ^JlicIu-uJLI £ L>d jUSJ 

t 

tillJ l£j 4jjj^JU jJCjLo^>L*J <Lu1jJ1 Sp-Lus^/l ^Jlttj— cuJ — 

lZjLi_u->J 1 lLUj jj^ ~ *■ '■ j! j4_*jj, _<-uJI (JjjJaJLi cjLj^Lc.VI CjI *vjJ 

jLjLjl ^ 1c. fr l_L) a ^jljjLj 9 - (jr usi ll CjIjI j < it 11 lIjLsI A*C £, ^ ^ i aj 1 1 

^yii 4 JjLuos L_4 SjLc ^yjJlj 4LdJj L y^ 4-aJiitj—call CjLa_u_>JI jl—La3l 

. 4_>Ijl>»j 4 31*4 V a (jljJLj £j4>ill L 4 L 0 l" ii wj jljuVl 

.JPjIjjoJI ^y^ 4 jjjj^_U djljLi^/1 Sf-Lcol ^3 £^aiflj — 

^-Luaj j] t4j a^jJI jjJlaAJI 1 Cj^I 4 nia lIj! 3j jlaj ^y^ ^ Aid 


■4 ■ ml 


.j^jlil 4 t mi 1 L^-ia 

1 . l ll 1 lZjL jL lj s^i^Js 1 lit, 1 Blue Laser jjjjVl 


G 2 , i >1 ~i I, I j 5 jujl>J) 4 JLL 3 JI JL>i_i» (LT a • 

f 

<—aJliJ I Jjj>JI ) 1 ^“ <jr B 4-paj)<^ 11 l1)Lijj_>JI lIHj <■ — 


L$j*La£J tilljj Photovoltaic Cells 4 jUI^^^JI 4 _j— co^UI L_jM>JI 

4_i_coi!l 0 JIA 9 .4jU,I ( _ ;r ^ 60 ^^wLv- jjLfcJJ L-i <» Ij 4^1 lr> 11 JLiJ^j 4-ojLoJ I 

f 

JLifcH i nil 4 j, I j 1 ^~i 11 o£A± i-oJI 3jL« 3f. La^ 4 _j—ojJj Cj_)j^ 3 La I jl 

U t 4j Ll I 33 4_i_i_oJ ^ylf 4 j^ tn 1 11 4j& I ^ _Lj^_j V (^jlJI^ i4—m^i 

. 4 j I IIP nil! OlkJI (JLss-fl ^y£ lZj! IJI^H ijJJj 4 l A A t ^JuS 


^Lo 4^.^SLI ) CJ Lui) I ^yd • 

djid (3 J 43^.1 ^9 4 jj in 111 Ij. ji*S _a I 4j^a^n£JI lIj 1__u_lj>J I (J—j-OJ 

^ J 

4JI^JI (jjJb 4_i_qj^,g£LlI Cjljl oo^Jl ^O-cuL fej Lo-lS 4^j nufl 

4a CdL^jI ^Vl .Solid-State Quantum Computing 4 _lLu=JI 

cjLLoaJIi cjLjL-JI eijLi_u_>JI clLIj _cul ^Jl ^jojJ 

ala Mil ( j T ic. 4j_aj_o£UI CjLoxskJI 4_j j~~ Ll dJJjj i3j—3 jlII 4_ijI—cotkJI 

A 

l^a>-l j-caJ JlSj . 4^J-J_cu-4 j_Ul 4 jjj^oSL 1I ^^1 ^j-a 4j, I jl 3~ ll dJ^-C-^^II 
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»iUl !***&! 


0 u (15) dli Nature 4 * j■ UTI aI^a^ja 2009 ^L*J^jJjjlc. 
jls Yale University j__iLi 

4_±LuaJI 4JU11 4_j_aC jLjI, ,.,i,a,>. jJLxxa Jjl yo ^Lul <J—* 

^JUJI ^/mia (JT lc, Solid-State Quantum Processor 

^ Jtitj_coJ yijl 4-J,ulalil 4jjjyiSLiyi 3y^>-Vl ill 

Lt, Luir> (.Liji j Signals dsijUiVI ^3 i 14_ujy<S2VI oLl%_iUI L^UAjIij 


iltriin—uiVI 


JjSt-i _ lmJ 


4.l^^aSLII di 1 t.t.i..>J 1 u\-^ 


ciil lL^aJI 


AC-yt-u 4_JU>. 3 jL ^ (jy^! yi-JI tdiljlq* !i tillj ■ VjA.il j) <>■>!! 

U_i-i_dj c-LlIi I {^y£ dju^LiX! 4-£ULoJ! (JjISjJ Aj>. f, ^ idLLuJI llLIj jua i3 

. 4_jj ^ l »'L>J I 4 a t~\ i VI 


SyL3 JlLg 14jj,J_aJ 


( 16 ) 


bJ\ < ut) 


i it < i i*fc.Tt 4 j yLj 4j^LaJ1 dLLbuJI ♦ 
^Luj j__i_uJl 44>3J jlj-ll pLdc yuyA-i 


I^SjJU (jl ^J-lS yij>. i3jo>. ^_4 -ojj 4jyj l*1jLi _i_u yoijfcj (jr i£. t 4jjj_U 

^o^-Ld dij, i^>*i41 jlbj . IjJsJ 1 i-lLlj 4 I 4 jl"*> I jJI 4oduJ \ Ij— 

4_j j£L11 ^-loLIjJI jS l ^3 CX^X' _*■**"> 4jlaf. (jr i£. iur d)lll (^3 idljlj—mil ^Lul 

4 Si j i_i_uJ I j^Ls ? l yX> 1 1_ a a Lgj Lij jj l^lf \Ju ^jl.a. writ 4< u. H 

j*Lj! 3 JjlI Vj tj^caJI I JlA (_ ;r ic- Jj <r-i^ 11 Juuj . l^vLul L_ij)Untl 

t4 .j.S_i iISLjIIj 4jjIj->JI dll »JIjlLI ^La t4 jlr 4 ^>»j^JLLlI,I diLLudl (_ya xj 

^dLa UJ) J^uij La i4jyi djLijj 4_i-«o(J/\_4_u_>o ^jjk. I yo dUjj 

. 4j 4 i 1 1 g-ji m 11 11"i*i!I diljUr. L ),4cr*’n (jClaj l-Aa& 

f 171 

jLljI (^uLla jittsiTi jjlfl t Jx i s\ 3*i 1 Ij ^jdLlLi 1 3 u »a UijLu La£j 

. 4 a lH Tt -11 ^ i n"^ i 14^aLl 4 3i^ \ jl^a-U 4 jl-^l jJI Cjla.ii,>Jl 

4 I jJ I dl l 1 ■>■>-•>< JI J jt u-C\ (. 1^- ^jA (j-cu-sdj yil 1 1 I o JlA y<i_d> 

4_jLLqj 4-ajLa-a 4 JIL 4 JU ^ ^ 4.j.Sj 1 ISLlI \ 4j^. la!! dljl j i-oll 

yilI 4j->.jL>J 1 diljL^jfc.^/1 (jyic. Lyj^Lt-o Sjljjj <4Sjji 1 ati 

yill 3 juIIjJI cLiUcj^I jjLu dijl . Jjt ZZk 11 4«.Lul Ly 

4 Inin.i^/l < nj£kJ ^Jj ^ ^ Jjl_^J! y-a dilj.Ii il^ 11 4 >dojj>-1 
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Aj^Lajj ciljl miiII 4_£ Tf jl£Ljil dJ^J_C-JI jIjJlj 4_flla~il' 4 J'i tc jJi 

J AVij .Nanocrystalline Metallic Alloys 4 4 n.tl 4 _j^jLj 

{_yA ^lc. 4 __j^Lu1£uJLI 1 ^ ir>l(jj n"n * l^La 3 Ju Jl>. Cj^A_jLc. 

.Cj 1 1 j 1 ~>JI oj, 1 iS 4 jjulajJl JI3I' 
: Lsufc 4_Laj|^J! 43 ^A til 1 >Oj*qj (4 — 8 ) ^Jfv. <~ill 

<LajL3JU jl jJLoj t j — 45^ uuJ Grain Size cj\ jLu 1 ^ .uLLa 

Yield ^ 3 JI cjIV“ V 4^ji—i-uJI L^jjuj ^ nil 

4 _j_i_u£L*JI t <,..Ir. 11 43i..< (J^_iiil .Strength 

i 4 ^Lj_j— i^J! CjI _}Laj 1 (j-ujjlJLa ^yn 3 Lij £_^3 (j* —j <_Laj ^3 

. ^>J1 oUL^J ^Lai ajlJLo j! jyj 

juUI ^311 4 -^jLLL \ {j I i uDbtjl jjllj OjUoI J 3 j 

j3 JSLdlllj j_jjl^J1 4 ‘vj i ,„ u “ill Ultimate Tensile Strength 

4 ^ 1 ad jJl CjI ij i>Jl jLt_i I mi 1 /> a ^ 1 • i s*i~\ t i^* i **) 1^0 ^ .1 ^ -w. < r,/ir Ll^aj 


I _i_4> 4?e Ti 1 L$jJ^A-^ 4_a 3 C < 3 f. 1 *^V) 03jJl ^3 Lillj t4^ji < <»1 


( 20 ) 


4 jlf. 0_»l£ La JLLqI 4j_i_u ^Jl 1 1 j i11 


Gram size, d (mm) 


10' 1 10' 2 5 KlO 3 



CjIjL^jw V 4Si 1 1 m 4 l*j1 4 jL^TlCI : (4 — 8) JSi «7iTI 

Grain Size l$3 Lj ^ ^L»ji ^ylc t Yield Strength 
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‘*"45. itviti 




i 


4j 4 a 11 JI 4j^jU * 4j^_LaJ I jljJU djL 


(Ji-Jij till_.cv- t 4^a JLfluXl 4 j ^ 3^3 A^*i 11 Cj I aji la^ 1! ^_3 Ltiaj^C. 

* fi 

CjLc.1 LiaJI 3 4/a,l t»*~i iuJLI 3jSa 1 11 CjI jstHlJLl \ t *aj ^— 3 Li—cuL»_u I 

• ^ < tL^H 4_LC.Lcc.aJI 

uiijLu_u i A1 <isjlVl cdjLu-u) cjIjL _i-uJI t J^Lj a 4c.LLco B 

.(Mg iuic m 

. (Tl ^j_uL j_cl 1I i.■»| d^M ■ >. 11 j (CdljjLLaJI 4c.I I,i^o I 

id ^ . ..jLsl ]m 11 uiljLi—i-u j 4 : u*£ 11 oV^aJM 4 c.11 t<r> B 

iCo cJL^JIj Fe jl_jj^JI cdjL__ J_lc iMagnetic Materials 

.(Rare Earth Elements Sjj>LlJI iw^jVl j^oLLlIIj 

4 a i 4-~. ,„H tl 4jJju4i3j-lI 4 2jii Cj'VLco jlI 4—clu^ ■ 

Nb cilSL < <1 ^Jica) 4c.^ 4 til I 4 _ZjL3 l-u —i_u l^_>J I 4c. I i is> 

j 

tGa ^j^L^_onJ i J— jja cj^Lco 3Il dL—J lV jI^q ^—sLuaJLi 

. (Sfl A ls \aJI 

fi 

. (AjjjLJ! CjLuuj>JI 3^) 4-jliji^1 < C IVI 1 B 

CjI JLaJLI t nf 4 j,ln.it j dA. i>* .11,1 j 4 j Mif Vl 4 c.L i i^> B 

I (^jC. JSO]! Jj-'O l^pj LcJfc. t _ < p3>^,. ■, ,IU t4jj_LaJ| oljjVlj 

♦ t (^^aj Llo JI i ^j^cj^-cc) 1 iZn dj^JI dljl a ui ^j!La^ 

. (^_i 1 ti if LI! dIjLjj_u Ju^JI oLjjLLjj 4iCjl 4c.LLud B 

— 4^ < lc_4*j) CjLSjJUj CjIjIj ..mil CjL— jjLLaj 4 cLitip B 

.(Pb-Ca 

Cj L£jl 1 J A (.. ii jltfJ iciLq_uiJI 4_2 u3j 4__j^JL 3 4 ^U.r> ? 4 C. 1 i u~> B 

CjLxj jJ L^upjju ^jl jl__i^jVl ^j-A L^jjI a ->J t j-loJIj 4 ij 1 iJn4fi 

djLi__i_uj 11 <jr 3 L^iVUj -w 4 9 iijjJ. 1 

.(Mo <W ip mfruJl 

:4j.V.tii<lIj 4_JL>J1 tLr xlaJ| (jLacJ,! (j7 jS 4jjJ_>J 1 oL^^u-Lxiji B 
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( 22 ) 1 


j J) 3jj < U ^UaJlII JJJJ 4-3, tVl mil j-J->al i^Uj Jtu1j-2uJI ^Ljjj — 

a jfru I — ^i^jjLLOJI 4Sj i 11\^ i I Ju^all 311 uil-u^ll lLIjLxjlw^ ^ i n>Ji 

. (21) Ti6A14V - 

Jf 

^-aj1~ij~i11 lLIjI xmj t-iiill £-±j-u^jj 4_l-£>L=nJ1 CjLoLc. jJl — 

I -L=t3— lm\ £j 9^ILII 4jjjllll <- 1 AjJI CjIjuj> (jjl'*-" — 

^<u^!l 4 jjLU^-<-uJ! 

* 

.p I f Jl£l (jj—3 4_«JlS fcj._ <-ul I ^UjpLUl 4 ts-iA !1 CjI__lxj_>- 

" * 

4 a lu-V a ^_) 1 ^ 3 1 ^ ^ j Utj^~ | j t L»y,< »11 

. lZjL- u j j > -iAJl ^j_a 



4j£jUJ1 LjLuSIjJlI 1 • 

T2S^ r 

l$J ^jljuJ I — cl)Ll£ljjJJ JULJ t d)- 43 Laf* 

JL>-! — jnt^) 1 g 1^1 AJ I J I ^A—JjLa ! 1^1-^. t jx. 4_J- liLj 3 JuJl£. 

3 Ju JlC. CjULuL a3j CjI 3 is> (j_a L 4 J U LlUjj *3>^HI 4 _j _t-u, 1 l^JI J1 3 II 

<— 3-IluJI 1 Jufc ^ a\) (jt ^yAjjJcaJI Cy°3 ' ^-3 1 1 4_j -i-u JLl^J I CjVLseJJ 

3jLq iLiJ^J _«_uJl 4JjLi3 a^ j I 4 3\3V a 

3~ji 1 AllI ^j - ol^__>«J| ^j_a jjlc. lLi_j_>. LgJ 


o^ic. 


{ j r c 4l3Jj <■ L 1 h 1 1 Ju J_>- Lg^a I Jl*_i Lll! La.'a.^Jj c/4Luo 1 JJ2j . 1 ^j4 

j 

<■ 3lnjJ 4 j aI.m a CjI _iix>- (jjIV*) ^j-o LlUjj t jlj—II 

Nano-Reinforcements 4_j^lu cuLaL^j> - 4-jj^q^ 4— 

^ y 1 1 ^ ^ 4jj t ~ \ 1 j jlOj ‘ ~ AJ I .il i?_il_L 

3 jLfl < m~> u 1 - lm-a 

. L^jJ^Luaj I ^-~-^ A 3 a 

I <_)‘ t 1 4 ... I^J 0 jLa 3 j_ 3 i^r> ^(( I » 5 — 8 j jJSLillJ l i^yDjJLJ^ 
4_*^l jIa ^ 4_Lul) Scanning Electron Microscope I 

j> /2) . ** * 

4^1 ^ILI l*\\~ i 1 * SiC lJ^SLlL i-uil Juj jj_a CjI tj t zr j ^£. jil 

dUj^j CjIjLaJI Cjl£j-st-a CjIS^L) 4^ i j ls> [^Ia l 3J JulLo 4 jC.1 i is-> I 

. jjcujlj iS\W^ CjljuLLaJI J^L_A v^^juwl jj_a j>>t i 4c.i \ls> 
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»dUt 


jdJl OjkJt uJli 

\ 


:>Vui' Ji 3500 i; 


Al ijjjui]' wJlfiJl 4JU 

matrix 



20 cm 


jt>ui jui 1998 


20 |xm 


^ IX I ujjC . ,.g j C . 11 *a1-~* l^j 4-1 fl ]4 i4 (i J I ^u4^l : | 5 — 8) i Tit I 

^La) 4^» n n 3^3 4 * *i»LbVI 3jL_ 1I <_i_ILS *■ 4 JLo 4 >*>l^x< 3 jLu* 4 u<) is^ IjSJ VI 
_X_A_>ji CiL-ajua»> a ^ ^~ a 4 <..«, .1,11‘i 4_&LuaLj 4 ~ i^3j > ~t m~\ J_I' /. t^tVl 

jjjjl 44ii> 4—xSlj-la 3.sLa Jj -^■%-Tl _i iJjJjj 3.1 >. > iti nJI 

Ar 1'. uL)VL>u>« k _ y 3 ^ jj^ ■■■•Tlj 4_u.llI iul^ 11 L^Ia^j La iLajLdll 4 _lJLc 

(25) * 

I ■ >j t-» T | _JUiJ 3 jJ_lU (^) i4i ? I .' ' jtJj I j 11j ej IjjIIaJ i> ej|jl.t...iiii„f t 

4j^4 > lLl^j Lu>» t^jA< ej^Jufc* j^aaVl .LmX I j I .L*kJ I jj) i ii £ LLJ ^ i >~i , uI ^ jj I 

l^JI jyytCA 4-^j 13QI 43 Lub L_4_Jlj.il I ^ILJG 

4-4-LajJl 3^JI ^L-Jl ( j-a (^ylc 4 u£IjJJI jI^II ^i 4Ju*>la ^_>LLaJ ^Lc 

jj. i~ 11 3J.uaLaJI 


^UJ-4 VI ^ I j*^dl 3.1 -il 3 ^ I (jl ‘ {j leu wl ,9 

L^jt-UxuVi 6jSL£> l^j_ ujJj (jI i_)^JlJI f .L <df ^_ya ^_u£LI j^l^rj i—4^ — u-i—J^-dJI 

t_i~X 11 _L>- i I_ oSLb . 4 3j3*»ll i 3 ^.iil^Jl ^_3 I Jubj — ^ ^jll 

Ji>d J J^l jl £-A-i ^jl3 4^^^ £jL>J! L y^ ^ OJJ —liuii! 4 j 4 1 1 1 1 

i^ill _uuVi eJsVT 5 (jyil 3jLo 

»_>j t-s J| (_Jl^^ II CjLuj^J 4_l ~>»j L>%J I jj) i"u4311 4 ^LudI ^4JjL dll 

I JJt 4jjuj i _ y ic. J ^j u (Mild ^y^lrtll t^ya 4 11 i^aJ.1 ^^j^l '-r s J-^^) ^ i^UI 

5 — 8 CjLoAuftuJI 4 JLjLh->-j tLi-jJI I iJT jS ^J. V*i i nil uj^IsJI 

. ^2 aUH 3jLa >L^I 3jj^>.j^a (j£u ^J 1 3 l i, l i,^>') IjJ •(«!—»» 







ijy j^ (-U^) J jS 

w-LaJ' a'v i d y*— — I 

/ 


AjJj-L»- ij Jo* 



h&ut 2002 


w^J>) J\fl\ ££ 

« 1287 4^ 


^ im i J L ^ J I O -4 * 4 ■ ■ ij (i) JSi i<iT I lt ^& 3j^ IJ ^—aD^j : ( 6 — 8) (JSi <7it I 

l-oJLAj-j^O ^^.3 dJjl mij I z ^ 4 .~.\ i a _> <a 1111 ^.L-vy . »< 

n P-LuJaJ I a d^ 4 *,<aT! 7c__u3 4J4 .^78) L it ~Ctl 1.j._A 

4 <7 VSjII 
3 > iiiTl 



(O^jIj 1 iajj VI lj j aJ 1 ^Lu^aJ 1 4_i>LgJua 3 jj) i^> T1 ~ 

<LCl i j ‘l 4-oi V i nj. I > i 1143 I 4Si * * <**T ^tSLhJLSLiXI ^^313 ~>sJ 
IJ-4) j. iuT. ^LUt jjj-dJl 0— 4 ' tip* \jr-^ 

J-LI (JJl?»L> \ —ual_>- lSi i i ii a (i_j) _Jjl ^3 4 _l3I T | ^ l ^ < 

I (JSi—uJI ,^3 jljjjT1 ^ ^"*’')» t! i<^11 4 &Li 3^ jl £. <LjI 4_i_jLtVI 

i JaULo jjj ^j-a t ^LiuaaJI (QngJt j ~i f^jljLSLjj! Jij ^^3 l_j j_*J! J >r»3 

ljy i£j • l-L-jjj-2 jIjlLoIj ^c_LaJ I SjJL3 ^-U3j 

«_i_LuaJ! 4ifcliaa» . IajJI <J£ 3-Lulj 4jJLojJt 4 a 3 “HTI >MH ^^3 Ljaij^' l^JIS jlaS .^S jJ! 

j->. Iji j_yJ! \ $ i JlLoI L yi _ oI_lII 1 j j * * T \ ^ . 7,^1 ^jULi "■ **K il . _i _ i_>Jf 

4jLiU! (^jlo jLxi/>^j I LUS > Loj orj .j *Tif ^-u_oL>JI 

JlLiuLuj <Ui-L>i"i iul. I CjIjjVI >7*^1 \“i ^ I 01^ - j-^s L>J 'j ^3 4_><JLftll ,3^_La ^_3 

. I ^JJJ. 1 4_ijjfc j 4jj1 jp 


j— ju2. ^1111 i y 3 Uol jl>»i I Jufc 

4iiuil 1 ^ t__i_\<^11 a j^-jjISL iJ.lj 4 _jj! cjI _^JLdti.1 (jl t- 

8-6 ._jSk <■*»11^ _*-« < AjaJI _i_uJ lZjI j\ jl^£7i 

4-i^a>l^>. -r.n-asj La 3^1-3 4 _jLLq^ 3_5^>L^o t_-tLuaJI i_*. t n^“i Id 

^yc ^jJLI I Jut) <GjJu>J 1 d)L_uljjJl <JLjJlj 1 . «LoljJ^-uiilj d_X j_il*Cjl 1 

jliL>JI-*II lLLIj i_lLJ!sj i *j~ i a * * lIIIj il ^c, jJI t cjL>J LjuL 1 
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$iUi 


u iI 4 n iuV a u-J-uaJI £y& ilLa .^11 4 t j4j CjLaJo j&3 ^Jl ^Jj_j 

t4 __l 3-4_^l^l^ LiJJj 4t-a <3^^ 1 d'^y> 4_x-ol^ILa ^JI^Iu 

JiJb I j I ^ 4_*3 j^0 <^_yS\ t A11 luLu JlSj . [ I J~l A l.J—<..ul3 LjLuDJ 

(“< 4U>iJ LaJLlc. 4 <L4£^J \ Sjlj^u SljJLJ! 4 _u^jlJI 4_j_ 3_iii_ajJ! (_3 ^j _i-uJi 

(jl Jl-i^L!1JI U“ ■,■ \^ * 4^jjj*JI < 3j)_i i_iill JLu^j 4_L^^JI ^ f ^ j 

jjl V1 c_j^-»—Ju 4 ^-3 IjjlfJ 4 -JjjlII 

L^a.vVi n>*< V lil l~l iL-AjuaJl 4 _j>JL*J, 5,1 

6 — 8 I ^ d»Ltx2uJl dm.j T\j djLxa in!' d,j, n 1~->-1 4 I Jufc l..} a 

t—ia- lj-uJL i 4_t-oL>J I t_ 11 I 4^ji_ i _u C-Jlj 1 1 Jufc l_La^j * ^«c_j» 

4_Ajt_JI ^£1^_I,I < nl~iT43 ^j-a j i£ Lai a"< £>1 ^ aL ^ a.J.t.a., lH 

4jjI^_>J I CjLiI a a U 1 4jj_LaJ| ifljl i mTi ciJj^l i 4_uwlj Ju 4 jJjlJLI 

. <u£LjI£LIIj 


>U7j 4 j^jLUI CiLStjJU.) > a I \ >«nl • 

4 4-j. ulalll oL£Ij^lU o 1 ^ I 4 JL—ii 4 4j^jLJI oL£!j^ll t ajif^Vi ^y£LaJ 

* 

cliLa i.» 4^Lial jljil ^1_4-uVl 3 jL» — c-JLaJl ajLa Lc.^->-j cdJ jj 

^JL>-1 jl^a jl 5 jU 4jjjLj Cil u ias > 1 (juf J tlH 2, 1 ^-4^1 L y=>\y^^ 

{J 1\ j 3" 4 <XaLM^n j! 4_Lj jlj^a La 3jlx. ~ 1 ^If c 

. 4_a^II 


1 al£kj {_ya\ a-%_iLj 4 Lfcj-j^. ^C. CjL 4^aJI 1 ^,1 „ ,.1j ^ j 4 JJ 

JiLo 4 4_ujljJLL 4 j ir 3j Juia jjLuexa {j-a 4Jj )3 mj 

Lj>-^J jj£L 4_3_j^LaJ t-_J Iij 311 a I I JUt Cj Li£l^j-a *_r.i^3~^ * ^r < 1 11 

0 , 44 . 4 .£ J!>l_^ ^ l£I _Ijj 4 Powder Technology 

CjL>-^J JL. 1c. 4-L>>Lux!I ^uuKII a.1 ■ t -*-~~4 < ^L 4 4„aX. LlI I I J.L% 

. 4_Jlc. 3 j 
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yA £^ill IJufe (jT—I] 4^1 Jnjl 4j^iiXI jljJU ^ —Iojlx (jI ^y& u—^3 

l£Hj 1 4 j i j 11 4j^jLj Carbon Fibers 4 jjj^j^ UsLJi SjLc. i_j—M j^LlI 

4_i£l jZl\ 11 *Vi J>)j. La (jy i£. y. l_Li LllJjj t^ujj i-rtl~i•>" J 3 d~Ai ,>.11 jl^JU 

* Lg-ilg. Jj I 11 i>_j jllnlI 1 Ij 

f 

Brake J^aljja juL^j Clutches CjIjL_1_*J1 CjI iItljLs Jujj 

\jjt l^jJI 4-4^11 4^2 wLVilI 4 ft dVl jys 1 A^-m»tolj—jLLaJl Pads 

. CLiLS'IjJII ^yz 


JLxSIjJLa • 

L» 4jSLj_« i <il I JI^_L I 1 1 -LA <—JI^xftj k j^o 1 

4j Lj £_4 :. U> 4 »1 1 jjl_4^-i 4x_JuLljl djLL^^U t£uaj\Juz^ i 4j4*>’L*x3 

. ^5jl (J — (Jj-usjlll ^ —9 4jLs — jLj_4j£J1j (Jj\ j —>dl 

JI ^-uoLc. it—* JljJLlI lLLIj 4dLuaJU 4 j^jLlII jl ^J.1 1 V 1 4 * I J 

i—ijfrl In 1.1 1 j) VL1 Lt-U 4_x>.Lvj i sLJ t j I 4j<j^Ij.j ,,. jIjjq i 4_j jj_3 lIIjI x i u 

i yA 4jLaJl &JuS> ^jjstlxujj . 1 gj4 (, dl L yl\ CjI dj 1 In~<llj 1 gjlf. J^-uAodl 
3j l^x>J I CjL>- j_5 JlxC. (J-oju 1 (3^-*—Cj LyTu.4 ^ I ^3 O Ll^ I^IiJL I 

4_i_^3j_*jL,l £ tiJ-1 j jl djl£^_3fc_A ( yA «.\y y ) (JLft 1 4jJ LftJ 1 

41 I yiuLJ J jja t Jjji _ilixi I t LiJ 1 I j I, \ i^d I j ^C,j 111 J—1 jjlI 

. ol£^_>J .\j lIj Ll^U ! 


j-uZ ^ 4-£_y 3 l > j_cJI jljl! £_* Glasses 4-xv.U.^JI jljll 4 jI_ 

tuLuij 4_li'ijja Cjlj 4it<^i4 jij) 4 _4 

41 ^_<o 4^ Luo I c_ j JI j-flJ \ l yA 4jjiJ 1 dJub CjLi^Ij^Lq i n 1 Lju^ . ^Jl c. 

• i—SLijVl jl 4djJLoJl Ju—*_uL£”VI ^_yz jL*_>Vi 4 j^jLj CjI ij i "w Jims *4 _lLuo 

Jxi—J ujJI . X 1c. 4_ddLaJI > ^j-dl 1 JLA dj Ll^ IjJLa ^ j o Vi j ! lx & 

Strength at High Service Temperatures 4-JL*JI Sjlj_>JI 

l ' O L^o 4—C. 1 11 <r> ^3 ^IjLStj uuMJ ^UeJJl L$J j 9La 
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t Heat Resistance Parts for Engines 3jl j U 4—«jLiil cuLSj^J.1 

Iji.-w VI djLiiit-oj ^ 41 L$J cjI£j_>JLI ^ lj_>- l 1—lj 

j-gj>o Cj LaL^j Exhaust Chambers c_£jji Ji* tL;r L>-ljJI 

.Exhaust-Collector Rings 

4-1 j i A11 lZj 1_l£ tjii i • 

<— . Lai jJti Lljj—ill i_-Jlj-dJl £j jj I 1 Cjlj-LaJI L-JIjii Julj 

|>l J V~i i ol {_ya l-xJLa!! 3jLa ( _ |r i3 ^ 11 jJjiJl jLii-*»i 

«_ajJG jjft. u_£_L^JI I jl / V 4 ^ . l^La 3I (j-dlj^Jlj 4 jjjLl!I 4a£1j1II 
Oxidizing Environments 3 ju_a^a^l^i 

I J^j l-^-ujjVI <jj£j < *Jfc i~ 11 jii3 t—JIjiS jpi t4_JL*Jl 3jij->JI CjLvj J J If 

^j L3l 1 j-L3JI l-i^J II j l£jIj^JI CjEjJI Ij-Laj ciLlij i i 11 

^jjiuir.ULlj ^j^LajlVl JlLa i 4-a_ua_>J 1 4jjjL3JI j-jlo Li-*J 1 . jl^-uaj^U 

JlLa 11 a ^LaLl (jjjJI jj£j Lt-*-!! iiiLg.1 I i^aJI L7 j 9 L3j_aj_a Ll£La J ,— 

. 4-iji jJad II djLi£j_Uj cZjljjLLaJlj iZjljlj.mil 4X.I i isr» 

4a ■ L$-l!I u_al u .aj 4jjlfi jlji c-Jl<j-a 4 j>1aII CjI >^ijjJ.I lJjJClSj 
. 4aSL^c IjA-i-u _jl j_a j t 3 jj>- Cj 1 j 14 i a 1 Jba jlj_a <J_4 4 Irw < <* i 4_i_a_rtjv. 


ill !j a 1 *TI iljL£1ji_d • 

Polyesters ji_ loJjJI 3 jU ^ oL^Ijill ^ £jiJl 1 jla t_Jlj^ jj£u 

4l^j L^aljJti^l ^j_lZL ^1 IiiiJjj t Vinyl Esters J[ | 

c^uL.1 j I 4jjjLUI 4 _lj c_dl_i]^/L) c-JljiJ! aJub ^uiJu La 3 jLc.j . 1 4 3 1 £j 

s ^ 

jl-jj-v 1 l i mij .jjlitJLl jl LT JtxJ<aJI ^Jl ir\ 1 i^ll l-jajLI t4jjjlill 

4-ajL3ja ^j_a 4 j ja~n La ^ _11 4ad JlII 4 jj-iUJ! jljJLl ^j-a ^IjjVI oi\ —4> 

El .^ jjjj ^jl 4a j3> I 4 JI aj^Lc. iSj^Li-aj 4_iJlx. 

4jjjLJ1 i^_uLV1j 1_jJVI jj4~nj • ^jjjJ I 4_i>.lj {_ya l-JIjaII aJ —A <j-^l 

L^ZuajLSja ^UjjIj tLr JUJl L^Elij i4_jjIajJL jjQll ^Jjlj 

,43jJdl 3jljj>. 4_>-j J _1 \c iCjLxj jJU j CjLjlaJlj (jidLa^Vl ^Lal 
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*L«i 


^3 6jl i£j 4 (_-J1^jaJ1 (j—^ £^jJ1 I JlA iIjL- t^'^.Ixa l a _1a j_~j 

ii_3_lj_*JI t_jjliA4 4 j inc Ij janll ujjl aA 4 JlLo i4_l^oLjjJI CjIjjVI £___>ii^rTi 

jl^-e Jjlj CjLi^lj^ll c>J l 4> . LiH 4 i nVi ju, is-> ^jl *<iai ^ j uVi ^43 

.Olj^LUIj CjIjLj_«_uJI ! jjjo (jiaJfcJ ^3 l V~. (qj 3 JlC.Ij 


4^lui dj^LtuSn • 

jjL 4_jjjLUI i__i_y lj ! 4^ 1~l ^ ^ If. 

^^kJI (jl-3 *<;! lu< ol ^L) iljVLfcJLl J£ (Jt-5 3ju1j CjI Aiilajj *3 Jlj^_9 CjLLloj 
L^JK _ul cyjyuajj u.juUVI lLUj l^Jo ! OrOWfl 4 xqJj ( _ 7 43 d at ,,.11 

(jSLilJ I ) ^y^JU (JIJ_>. Lgj^hjfcJ l 3~il/QJ 4£Ll 1 ifiM.4 LLs>4_J _JuJ ^jJ 1 * 4.L~Lr»=-ll I 

^yjL>» 4 tt l^o 4_j nu 4J t ‘ “ * Julj * 4 c^i Lb^ «a ^ _. i. a l • -y f i)) 8 — 7 

' jt t-> aVI 4j^jLj c-a^jLjI ^1 4jilLLuaJl CjI 3j i Will ^Li->* ij . 4W3a111 aJufc 

CjL lL li.oJLj 4 rtlt^jl Cj VI_rtll ^3 i ^ AjtAj~ ( Jj>. \ (jyz ,4(1.3'. 4-L^Lo 

I 4 i~X 11 J^jkJI ( j ) - a I ( _ r l£. 4jl_3 * Luaj I . 4—c, l3~l I 4 gjj^y^JVI 

LVI Jl^Joi 4 .^r. ,J_>-1 t ^_1L*JI £r ^>*LJI L^j ^j._.3 j 

(4-1.1.^;^ 4l^W u i^i£. 4luk j^SLJ Straighten Laj^sj 4j^LU! 

^JJ 4jj. <i <"» tils ^Ll^c-j JL3 i 1^ J l JI<n Lj Jljo oJlj La 4 i i ^ 1 11 aJufc 

. 4 I j ^ L\ < ~, 


4 tJ7 _Lc. —l^fcj 4_iJ ^! ijr^^ —«Lb ji —j tL cIaJI j—I aj J—a i—^L! 

4-aJSLJI V .£11 ^jLill ^11_> L^£j _ 3 S« JjV, «_u^a)) 

Xjcj. i y~i . J- jijJI ^ya S^jIjJU 4jjU1 lILLj 4_l^L>JI 4*111 <ij <a1^ —3 

4_jjL3tjJI ^-4^J1 jin 1 i(Hard)«>_<«.»^JiLo i Sj ~ > '' ‘-^Lkaj oL^15> 

t fxj ^ 411 IjLA jLI^j (jr^J . »Lcl*J1^ LJ 1 _J 1c. 4 jjISLijVI CLiLbI lr>ll 

(J^VI (jyk — L-ujlii t njln^J *131 ^yC. 4-udLaj _i_uVl cLxj 

OJ>L^Vl ^J^V! ^1 jjJl icLLuo ^-ilA,\jy]\ 4kjJ,l JS> 

/ 31 \ 

4jj^ju=. JL£_it 4u4> (J7 _k <j£-^ y Nanowires 4-^jLUI 

J£LljjJ 1 j t dj I ^J-O^JLU I ^4 *JLl LjUQ 3 JlC. ^1 ^J-uajJ L 4 J I^lo I 4 J c jjj 14-4JUL* » »■ A 

.l_j-ijLiVI lIUj ^ya VjiJ i((((_J» 7 “ 8 
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^U1 



i~»t ■ . » T t yj 3 j tC t V | I lj»SLa. i^j < < 11 A In i a L A j £ : ^ / 8 ) ^SLuiJ I 

4_)jl_>. I 4j£jU) ij£Jj£ <— i-ljL)1 ( 1) : 0~ 4 l-jLJ£J' ljL& <—dij_4 JftUi Cjj 

.(32) 1 A-t j ^uL>i_*J ! ^ * uLi^ulj ^J^jLj (i-j)j 


C L^L^La • 

SjLlC. L^jI jJ ^.a i 4 t 4 _jjjU 1 lIJ^L-u^U <U « it 14a I.IJS.4J tAjljU 

4_ajLs Vl£_JLI JLVIu i jLsuVl 4 jjjLi jllaBl Cj! j i I J*—:>. 4t j‘4j —uA {j£- 

l a‘°i & tSjuJiC. jjLuaui ^J-C (jlSLolj tlllj y,XAZuj) . 4 a ^cm t tuaj 

(j_^j ,.\a'°i 1 1 jJ . 4->.^lSJl I CjLqI , i V“i i lj l_4_JI J1 L_ijllnl I ^_y =>I jitU 
3^_rsJI Ij_LiJI j. i^-> LLil 4_jjJ^ 1 £>L _^1 t4 j^ jLUI lLJ^Lj_u^I £ J.-A 

■ ■ -j iPt _$! * Au i - < a j !1 iCu (j^Lstill *Ni —jJU 

j 1 Si Q^SLiL 4_uJl JlLa tCj^LuajJU tfl.i m; I jlj^a £ya « LuaJ \ 

ilUj J'iUjj ciUj i—fiLuajj . 4dl‘i VII L$jLi£j-4 i j r A jl tGcl ^j-JL>Jl 

, 1 m Xl ^ J!La « Jla t ul^yU 4uj I l 1 j|J^_>vXI jlj^o ill^L-. i,u *2 1 

. 1 4 <ZnO tiij^JI jj < <i^l tSiO^ j 1 1 i-tiII 


4jjjI_LJ 1 ciJ^i_t-uVl CjI _c.l_LuaJI -X^-i (3~3 

d I IJ^~X iVi J j IjjJlj ■ " I ‘ "3 1 tl)- 4 ^3 >J I ^ Il^a.I S J JjJ3 

jj~ >t^Jl ^jSLuk cidjj i^pa^JkJl I J. A ^3_i n ~x-~t lj . jJu-taJI 4 j-A L-1HJLI 
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0^" W ‘^i^LiJ! C_!}Li_uVl dJj ^yQ <L«_5t4^D 4x.^ a 1 *- <a t . jjj^j 

^JUQ^4 Jjfc U< I J^j_i_u^-J I 3_iLo 3 JlC.Q| ^-La-1-u v-b /*l^ ^ I -•*» ' 1 ^ rt it* 1 ^ 

4LlA ^Lc. — 4 xjI ^o-aSLH Jjj-LLI — 1 $iuuj1j jl <«(« l» 8 — 8) i ulLi 

. (« *__j)) 8 — 8 (J£ ..~J I ) CjI a >lr> 



^jL<j_U ^^jZSJ VI ! t_j ^ ■ ■■ j^SLU.1 4ln^tj-» aiaj^Lo j>*-» : (8 - 8) <J5 LaUI 

lc |/>^1| I tfl A MlV JI yA A 4 <1 1 *>1 A J % t/1 T I 4 A iltl i~i A Lj ljj U j 4 i 

1 ^ ^ I ^ p I GaN j t L«J I 1 jj “ _■ * SoU 4 a .aa/<j 4j^jLj aJ^\— cai^ (1) : 4 \ k ih 

. ^ ^ InP ^jJVl loSjjA 4 4 T ^4 ljI d i Vj ^ u_) ^ .^' ^ t »jj (_)S» im ^y£ 


'. La j^jj (Aj^jLxJI 4jlid~iilillj 4 i AI^JI CjLal JLseg , nVI { jr a $ 

0 j it i^vll CjI >JL*JJ j -—i ](_y —9 LgJ>~i—cull CjIIj^lII ■ 

.4n/qjJI c-aaaiI <ya Microprocessors 

4_a-oL>J! a ~ aj illllj 4_jjJLaj^iljlI 4 j*v j iISLlLI j 4 A\ \j !1 ^_LaJJI I 

jJ^aLaCiJ! ^G_ll tNanorobots 4 jjjLlII cjI &y l> 

^ < <»-*w L^!L?w nJ lTU \a , 4 111 U»j. <^J i y , _ ,— . -..^ . jii 

. 4j^> 3 jJI 43 jjj j_lC. i_)l un 11 <jL_u_)Vl 

f 

<_* i iil^j>JI ijuaJ 1 A^ja 4jjjLiJI Jilill ( j_4 H 

.Quantum Computers 

. 4 j t-s a ^ I 4n.ii4 <.ti.ll Lj^UJI 4x.Lu.rf3 ■ 

.Nanosensors ^jUJI cjL^cJUj cjL^L^JI ■ 
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1 iu 4_uoL>JI 4-^jjj^~i c vI ^JjI ^j! jJ 4X.I Lus I 

Deoxyribonucleic Acid DNA ^I I JJl>o ^ 

. <d 4_uljjJI CjI 


L^jLot Jl>C_lJj • 

j> 

t ^t- U , n | ^ lr. 1 ,« n (jl <CjLL^U1 j CjI JLiil (Jii_JoJ £yL p -*■ ij La SjLc. 

Lr^! ^ ‘ Ltuftll jl (1 ^ l!j}L5>Tj ^Lu j. i« 

L>J I dll iIa* ]1 (jliS t i jd . (3j* All I ^j-A 3jlft JkJLJ 4 ‘|J<LU jl 3 Jl*JL1 jIa^jI 

* •* 

4-xC.LLtA3.ll CjI djjlnlll ^_3 <La„ksfcj_uiX! Cj! Ij CjIjlsJU ml 4 j tail) 

LaL^jjbl jjLlII I ! ^iJI 4 it 31II JjI— t-uJLl ^j-a Jlaj t 4—4ll11 

LT^l -^ 3 "^ ~Lt i ,*l *^LLd ^3 4_Aju3ta_i_uJLI 4 jjjLUI 4 j Af.VI l_9Jl^jj . 1^.j t*s 

4_j _Ac. Li l^3jUl J^L>. ^y-a lIU jj i^_La_mVl lLUj (jA_ i_uj>uj jj^*3 

CjljliJI Juu-ul^l j I CjI Jlaj^£ ^>3 La SjLl — 4 jjjLj CjI ij^~>- Jj>a 4_3 JJa3 
3jUI tii (jVj^>o t4 _JLi 4A3jlJLaj 4_3ll_3 3j^4 hoj £.—I 4 II — 

.JTull jt jL^>U 

4 I ! (jy 3 4 j^jLlII cjL»LajJI^ 4,jt?>r VI dJj^ ^ t**-"< . 

^-uj^LU CjVI_ iai£,j CjLkMiU 4.j 1>.1 jJl _ a^JI ^_La_—i_ul 4.j,la,tl JAo 

4 4_jJo_4JI j _Ls ^j-4 4 j^jU dll ^j_4 4_3_!J_4 4 AjJaJ Ij 

CL>L»LaJl11 6 Jufc J 4J c a !..<. jl tw. jjLj 5j 2 Laj 1 Ir> 41 31-*_i I 

dilj _ fi<\ i I! ! t j_4 4 Cj It jt >J I 4 _j^jU 4 _uJrua 11 

. 4-ljj, 11 


pMlalt ^ 2L4JL>d^XI jjlaJI • 

_toil 4-4-iia Jj,. jliteJ ^^3 4-a.j V~i_j_u_L 1 (jijJcaJI t A ..lllrl 

d ♦ 11 L j i ^ i \ ^ jljJLl 4 a tla U lLL^aal! LS3j *4ljlaal jl^JLI ^_La_i_uJl 

ji 

L_xj_ oL12j lJlIojj La 3jLlj . ^_La_cojl 3jLaj <:^LLaJi 3_}i—4 ^j>a 

4~_< i-v. t 4 _j^jLlII CjLi_lj_>JI 1 i.4i 4 a 7t_La_4_jjJI dal t / tr i jl 44 _lj 1 j & j*\ 11 
i > 1 , ,,1 dtl i all 4 j^jLLII l!jLlj_i_>JI CjI ti t,lo (Jj) i«^>H I t>Jub 
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4>) *y**u 


edjJl 3 JlC.j CjLLq j 3V g-^vLInJI 4 3 »ln da in . l^~t °t Ld ^L3 jjL^ 

4 u jill L jjj liiljl i—dgjJoj Cj! jL^j^V! £jui LojS^ iCj'jCajjLiJi 3 ^s 

_ > 

. Jja nnj I .lie. 4iVl jl 3 JulI I ^ In m L 4 J ysyCu I 


AjjjLJI CjI^ 3 j»J.I • 

jl^II liLIj jjb Catalysts cjI 3 3->. 1L jj-mali 3p^ i^j^dJI ££jldl ^al*j La£ 

di jj 1 L^jVjuca 4 -ijLiajSJI Cj}Lc.L3jJ! 3j^ ij J>-0-*J d J^jj <■ 3ln^j 

6 * 

. 4_uLajSL 1I l^~iji > Ciljuti J^\ cijjLStj jl Cj'j 3 ->. 11 dlj , 13 m i uJ (j I (jjJ (3-4 
£-Jjj1 (3^l3fc3 —t-udjj Lek^-a IjjJ ^jLOI O' u * J . L ^ ^ Cy*3 

iNanocatalysts 4_^jl_iJI cjljdrsJLI ^ >hLi cJs^ju tCjljCdU cllj 3 ^ 

Uj 14dl j a-tSQI CjLUaJI 3-® (_yd iuntl (jLLaJJl ^jLa-~— lC (^^jJI 

.Oil Refining i In 3 i 11 ojj ^j^dli cjOLcju 4judL>JI cj^LcLd! dlj 1 ^_i4 


4jjjLlII Cj ljpL>ul I • 

j 

CjI^L>J.I ^le. L&> (jj)3"i" t4ai n^nj yz> 3Julj 4j$jLUI Cj!^ 3.-kI 1 ^a i n"i~) 

:La i4 £\$l ' Ij3kJI cIIj 3 v Ly 3 3 4 ^■ *d3jJI 

CjljjJl (j^a^Lj J3 C VJ La i4 -jJLc. —i_ul 4_>d uiai L^jCaj I 

4li-ijJI jl^-fl Cjldy^j CjI j j ^jO L^Slin^ ^ In hi I ^ Ic. 3 
tCjljd>J,l dlj Ij. a> (_^3JI 4ji^>L>Ji ajuk juCj . Reactants (_j£.L33J! 

. 4-01_iaC j^LcpLoj ^I CjVJ n-a i^^ilc. ,1 a~i4 j 10 L>JI 

4jin-l jJI lJijjI n-~i II jLajI ^.u nL3_a **■~711 ^jLlII i*\J ^_ Cj H 

LajSj dU 14di till I J l^i, 1 La^ iC ^_a_> I Cj I j_3_>il I (J^Lj- 4 CJ Ljjy»>J 

. cjLdy^J 1 dij jl L*i4i jL*_)I ^pijjLiX 

.Adsorption 4 _jJLc. 3jjls 4C1 j aj^JI cj' 3 3 •>. 11 cLLi a i M 


\ ^ X } a i4_l_ULa CjVI_ cm* 4j^jLL)1 Cj 1^_3j>d, I CjLnj-tlaJ j- 




: 1 ^ 'mi 3- 0 (jydl 1 4 3 lqjtJL I Cj 1 ^ _ti In"i 11 3 ^® 4lj^Jn 4_dLa 


d 


Lxa-i 
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cZjLjjUJ (j—a 1 


. Jn a i )1 jjj£i I 
a i^l . ill CjUU i^aJI I 

. L^jLl£j->3j 4 rth-V il 4 «uLxc_^LII jIjJLI ^lojj I 

. 4 ta n | 

jj 4 a l 4 —J^HlJI 4—>Jl_a^a I 

. 4.jj 4^L.^.n 

. Lgj^oJjj I $\-la 4j>JLla I 

J> 

. jLiJ 4jj-5tll -ilji.1 ^llj} I 

. 4_o!j jJI oUlLljuaJi I 
. 4_) J>r VI ^^-*1 I 

4_^j. JLl Pd (JlLa 4\j < ill Cjl^-LaJI Cj Liu,>- i jnhjj I 

4_>ullll ^*]l uiiJj^j iOijL^J! ^ot^iL djijLi-ijI 4 _ r ic. 5^ lr> j < m 11 

. 4^3 LLaJ I O 

*4jtLa^ CjIjLj i_*JI Cjl^j-st^a -^3^3 lt^I —ujj I 

. jJJ 4<V i J Cj^Jju* JjJLSjj 
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_JLih wUJt 

• • 

a .1 oLLulalil 

M 4 V ** ^ **4 


jjyJi Lo^JjJiSui 




9 




^LL^9 ^ j fe .1 <j1 nil ^ 

(j-ulj 4_i^tjuaJl 4 ™_jIx.^JI^ *ljjJlj t-ilaJI 

1 >*fc-j I iC j t ** 11 ^ i i L-% i ^ i *~ \ 1 js 1 ^**< A 1 < 1 ^*i l a 

f^LJI (J^ CjjJfc-i_o ^ "til tj-1 till 

iiiLiSlJI j ^~w- o_4 _l _ i. S/l 

SjL*_ mj 4jt^ua 1 ^po 4 ^jJl»J! 

c-4_il£ 3 j— jjl>. Jjl—ial ^t_i 

JlC. j_ 4 Li->»^Jjp5v~i 11 o'v. A C-<-)l^ 

Lj->-iCi 11 Sjj—J £->o j^pol^HiJ jJtill £->o 

c^iLu <^UI Biotechnology SL_j*_pJ! 
Lac^j LljO L_)j£LjJ jjLUI 1 j>j-lj)£j £->g 

fcZjlj^Lc 4 mljJ ( _ 7 J] ^4 ^-j LaJk aLo L_,W_a 
lLUjj i4 I 

. 3JL>-IjJ! 4 jl^r 1! ^JjjjHjI ^J*4 AmX\ (jyl^ 



JjU! ■ ■ Io .~>t .'.5*1 . ~. L-> r 1 )J 
<—31 S&um 1 ' y 

<jjUoj -i-uil 

i 'jfA ^)j_} 1 _AJl>.j L^« a 

ii... <UL^a11 j_l£. L>UJI 
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^ i,t L) e_Bj^-aXl *iSlllJI ^UJI e-aJl scjJI ljufc ^LLi 3_i-ul JBj 

4 _JI jj? <« Bionanotechnology 4 -_j^>J! j__>Liil 1_ -l^_$J y<< 3 » 

^Lo^Vlj c-Lj^-uaJl CjVLae-a ^yB ^ t.l —Il^LjJI ^LqTuibl {jA 

l£Jl 4 Lr Lc. Lii] jj —IL*J I Lj7 3 4 J~I -a- I M <j^jlji LI i. 31~ V 4 {_yA a\ — 

jl^il 4 jB <jl 4 _^B nil n< 4-43 J . 1 jufc ^j-4 <Jj VI Jl3jlJ1 CjI^3- un 

<jlLaj — 4 j^j_>J 1 3 __jLjJI Ljjw ^<1 l"i! 3^ ilaj ^_9 4-a jL 3 t 3 __i_uXI 4 j^_iLlII 

^Vl Jl» 3 t Bio-nanomaterials 4 __^ 3 Ll !1 4 _>^>JI ->I^XI ^_*J 1 $j. 1 x 

4j 4 "“) La (jyl I Ij-LaJ <-dJ3j ,4,«ltll cl)b*jVI jL?e-a ^B ljl_Ajjlj lj 4 t 
4 j 1« n 11 CiLal.vV" mVI ^j-4 JujLtJI ^yB JlII 1^31 A I 3jkJ^_B {_yC 

JuljL <5j^j>»Vi 4jo.4>ill el) 1 j.i.ckJI JLa <_yicj <<nVl 4344 3 U311 
^yi] I ^jJi ^— 4 VI i 4 jzC. Li3r> a 4jj) isi\ lj 11 t,ill3j ^3-?r i!1 4 " A VI 

CjLijjjv J)jl^fc3 j4_> <**< j•>» t jjajo (3>^ 5^jjS CjI >.L>o Jjii^o 

La-4 2 LajLLjb! jLuI ^j_ujjLLa V 1 ^ i 4 OjjJiuua 

4_La—Cill 4jl a 3JI 4 j^jj>J1 bI^X l 4-4-3 t _ r Ll L^ajjJj 1^3jlf 1-B 3 JiLj ^ * «j 

.Bioactive Materials 

10 {j£. ^J-33 V (_y>. ^ 1 L^Li- ( ja*ojL3j4 —b ^U-*j 1 4 £j 

} LabLajI J* l i.3^31 5_5 JLjuL 4 (j_« t—3JL33 L^jI V) tel)I jua 

(JlLft ttljl^ixjjLj 4-»juaj ^yJJ tjjuxil ^Xo^£LjJs 1 ^j)~< i M 4 
lIjLLjjlII JUo 3 o! . cl) 1^3 -q^jL j 4,<,^,,4■>■ 3-3t-> ^_yij 4 4^^ Jx-a j (^jJI 

<3-4 c- 1 yi i ii 4 £-33 1^-11 3a£ I L-j^litJ 4 .!■%■ 

4_ij1_33jI _i1^o J>ju 1^3jj V3 ^3 j <_y3J1 4 j^jLl!! bI^XI <ji-B i3je>.!jJl 4 ol^JI 
4 j 1V U 43^1 Oj j i i s\ 11 4 I el)Ljjj_>J I efJJj £-A J^LauU 4 t < uLLq 

. l!) l_Lp Jj-el IJ Lxe>-VI Ji-c 

Cjl.3j.Lla3 ^y_B IjjwjJj i^LJj ^4 lc. jj_a ^jlln <11 I Jufc _4J 

4j^_lj>JI oLLciaJIj < lj lls^j I 4 _±bIj- 4-) 4_»-oL>Jl 4 jjj 11 Ljjfc-jjj_j£[3JI 

el-) 1^ J t3 TI £_a t 1^31 4-<-<1 <3i3j 3Je>- I^J 1 4 _ij>J 1 4 jL>JI J 

CL)jJl>> j! i La L^3 jLa- 63] ^jX. 4-4 ^>-LlIIj _lai 4j>jtIaJ! 

jjIj^qJJ 4-3te>.LlJI CjI _3i iIn311 <jl_B I jJ i L^3Lal. t a 3 )1 <_yB &\jla <J_li. 
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(jy ic. (J^aaifc—iiliJIj £>UJI 4_aJLitj—util 

Jill! 4jli*JI ^JJ |<.m.>JLi 4j^tl L>}UJ1 

jl^il 4_ <_ulj Jj I j_jLUI ilUj^ i~i tlj 4 I JLA . j^LaJ! 

L^jLj^SLo ^ If t 4j. •" 11 4_2 Ll£j 4u/ljj 4 _jj>JI V11 2u^£Lil 4 _ij 1 >11 

^ JlUl 1 V 3 J 4j I 1 jl~%» LU . LjJLsA* j I n ^-) ^ If 3j jl 7\ U J 

4j^> . .i^i.t.1 \ \ £~i n a>» 11 ij.A InJ1 ^Jl^J U 3 ill) I Lc^^J 3 ^ If 

o^a —AJI Lli^ JlLo 4 L 7 jj^>JI *Lp*Vl jjn-V" 3 jL2j«-4 Cj^I 3t>a 

ljj-ac .3 Ijj-ac. \j-lsx-4 IjU liALs Lcjjj < 3 -A jjJj j .£tVi <jl t 4j <j^U 

•O^O- 31 (>» 

l 4j^-j_?»J 1 c-I j *> j^> I1 4 jj j ~>s JI 3-1 III I Lijv. 3 J 1 juJ (j LfT Aaj 

J^iaj 3 J VI J-Q^L j I c Lo-^V I ^ If 3 * O U-J >A 1 3 4j I J 3 J 1 ^lf-J 

1 4 j1 JSL5JLI 3 ‘ t-ls-A^L! I 3 m 


I JlJb> ♦ 4JLl9J) 


-i!ul!l t ^^ -1*3 

^1 4j J 3 J ,\ c_jL> i-iiVl 4_3 j.jl-o £_>q 
iiljjJl 4-C>l < t<~> Lj_>- 3 J OJ-X.& aj. a In >i i <JLj>JI 4 i Irn 
L)!Ai- I ^3 jJ 1 (Jj isd 3 J iH-i li 1 o f ^—9 4 JLl3j 3jujJs jlf£— 1 ) 1 j 

41j^L>. CjLIoj |4jJ1jl) ajAVI ^ t L)^L>- ^>3 

J-i-JU I UJ-* u —° 4 1 j 14>>3^o ^ 3 ^ jj (jUo^ mil 

I 4jjj •», 11 3 J III I L--W 3 J 3 f^l! l£” 4 4 nirti C< 43 JI ^33 . C-T^*' ^ 3 ^ 
^3-j1»3^j 4 HaIU CjIjI£11jVI Ljr ^ Oj. ^" 1 4 <1 /a CjL>.L>»_» ~>o Vl 

4 - 1 to 4_i-oL>. 4^jl 1 11 ^I ^ ^£b 4 Tr < <i‘> Vi 4_^ljj 4 uijll 

.oLa-VIj aiui 


(jl 4_>3» ts*> Nanomedicine j_)llll < < t-> ^11 ^±nA jiae^ 

4 j j In II Cj I -*■ 1 In < «n U 4 -hjL^ \ *4 A Lj^^® ii— LX -^ 

4 43~ig U 4 _jJ,L*J I <Zj\ —JJ 3 jJ 4 j i InII I JJj— 1 j (j)lj 

Laj ) (j I L)Jij t Lo I j [3 * 4 j tt < <n 11 4 jLc.^JIj 4 j j In II j — ±3\ !L) 
{j-A 4 £.^ask-A 4 _jL) 4J9JJLJ 4_3j _L-ttb 4 je_LLajuaJL I IjL^J IjJlsc^q 
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tj 1 La J 4 «Vi 1 j_)LiJ! LljwjJ^_i£Lj 4 Ito 4 l^>i j_ij 4Jij^aw 4 j i to 

(jl «_uj VI 4 o- j*o ^ 1 “" >|J t^j 4 _j_oI^JI 4 <iL lV tI 4-i iloJI dj VI o-tb 

i $7u Ic. L±^wjJ^_i£LJ I tiJLlj di _aj>. I . <a*~i ^lc. <_Lb LL»«J \j 

4_L&Jua 4 i1 a") dj Lc. l^>-!liw ^ di!jl£[—!1 j! jjjJaJI I Jl-A 4 j' Ju juL a 

^_pal^oVl C j^LlU cJa_iii£LIIj (f.ljjJ!j (-4toll CjVI— 3e_A _5fcJ 

4 to i mI^j 4_3ej_l 1I 4 j k to It jljll CjLlxJL 3., i.KJ t 4 _j_l-uJJI JjlIj , ^IjjVIj 

4jUI 15 t~<t[> i2007 _*Jl ^jLlJI 1 jo>jJj)iCt 

jLlLo 146.4} 4jj_)L 1II 3^^~v-Vjj^^ 11 4jISUI diLfcgjJLI £ya 

^ya ^JLl —aJI I Juk 4 7t j l a j—(jVj J 

• JlC. I j J k rt*~i. <i aj 4Aju*d! jZ-4 dlU-L>o 


5^Ij CjIj) too* Jjj tio-" i jjLJI t-*lo ^ AIjJL tiJ 1 4_j_ajV I d 

aLH j. tT> uy3 < ZaIu< 4 > i4XaL!u 4jiIo 3 j^j ^J] ^^_jJI ^Jl_*JI 
J<LA I ( a-iil/s .!Ij ^jroj V V"iH d>b i2*> 4 j, ij.laill Jjj-b 

djl^-i_«-uJI JM-i- 4_j I i l_i_A Ilj (jU Jl>JI Vlj _-aVl 

vijjjtj JLsc-4 ^_9 mil ^JL n~ilT 4 o-jl >j 1 41iJoLU cL>^i_ Hll 

jK"i tl C<- li<4 t dj-jj-rt Cji^Alo ("i iin^k. 4_I jjLUI 1 -i^^J 

4jJj CdaLaj c Jt 4 ^Jl5X« ^1 j_)1 

. (^1^- CjL_*j j jjL-aj^LI DNA 

Cj l — i j <1 f 1^ VI LiJj)l i u 4-£^jlx ^ JL>JI 4 t j i to ) I Juk 

^^JLaJI 4^Sjjuaj ^ .. <u>ll (_^-l J L^j^LdJjj I 6 ‘^J ^ 4_j5Lnl£Li>aj 


?. I i>ir ! 4_j_>JI l _j^L>J I diLb^wj djU^SLa 4-4^\-^J> \ ^ 1 < tt~i ^liJI 

^Lul S^Lil^aI.1 j a iJI diVjut>a (1 — 9) —tU! jjuajjj 

J-j|^aJI 4 l"<^ 4 ^jllil L>djLu-alj 4.* 1 a« o 1.1 ^j^LoaJIj 4jjjV| 

L _j-i-9 3 ^SL<j>JL I djl—a-JiJ-l I iiiluj ^I^IjwVI dj L I^_i ^cJuo _(_uJL I 

LkJJJdi J-t-aj L7 jJlj 4 4**^ It Cjj^fcjjl ^^l^aj 4_lIL*JI ^.IjjJI djL^_d 

t A i -Q~ j 4 (^1 2000 ^UJI 5^_Hilt l^>-J 400 (j-4 C_J^-Sj 1 _ a 

. (1) 2008 f UJi 
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( _yfl ^ '■ ^ I I>Vl \j l ! [ t £_ J) I Ulti JU— ail ^yJl4>l : ( 1 9) -ill T | 

— 2000 Dj—i-aJ t ^3 ^jLU I L j ijL_jJLuj ^1-» " * j 1 4 * IdhaXl ^ . it^>11 j , Si ~a -»Tl 

LdiSj i-)l 1C! I IdUb L_alJ^a Ala ,l ^ t 0 j—i-ijj (JSL-uJI :j. JL 2008 j*L^Jl >-/i inVha 

p 

( 1 I £dvj^l 3\3~>mlt <LjJl^rvVt ^LtL-JJ 


^ jJLJf > >tra 

jl^-4 — jjI ^jl— / n )U3 j-iLlJI i —fl Jjl Lc£ 

J<: - < nU-» L^jjj^j 3_iLc. jj SjLlI dlilj Jlj J>U. jjjC 3 JljJl>- Cj 1 t ( u-i a j 

clLudLL* 3j— jJlj>- CjLflgga 1 a -#*4 ^Ja3 ^^SLl _i_uL±ll ^_scd>Jlj 

s " 

34^oJiVi c*J,l jl^JU 4Kj ^ < \ J >~ 1 1 1 Jl3j . 4 i\ i^>Vl 3_il II 

ol jll cillj Cj Ij_L9 Ljr j^ 3 jLjj ^1 L^jl aj !■>. ^Ldtxl jjJu-tajj 4 j j In 

.4j>iii ?.[ ts^c .Vi i— Cj Lj <fts>e-& j_a (jjjWillj <J cLaUL L^J L4-4 

dilij 1 3~M I .,^1 ^jJUl J-±£- 3jU^_dJI CjI <1 l^> !l Q 1 (J7-^ l ~ 4_0J 

JjI t mJJ ^5-LjlJI JjjJo Cj|jgiL> ^1 CjJi 1 09 4alir II 4 j_^jL 1JI _i!jJ,l 

( j^a j _u*C 11 ^cj Jl3j ^ —9 £-1j ' LgJ q\& Lo£ . 4-LJt 4 Ajllllj 4 jLc^JI 

4_ij_3jJI (JjljjLaJI jj-Cj c_j—L aJI Jl-Sc-a Jjl9 Lx-o 4_jj1^3jVI —L>JI 

“ > 

. 4 1 JlI I ^SLJs I t 3 ui^ 11^ i^ys\ i*ii 111 ^9 4-4.1 a u 11 
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t rtjhjlb i~t %j t 4 ijlnli CiVLtll ^_ 4 t( Jl>>! ^Ls^JI ^.Ull Jujj Ijjfe 

£_a l1jjJl>. £_Laj ^j\ Asc-uo ^jJpLlJ (ji u^-wLaJlj tLlaVI CjI jl^o 

i 41 ^VL d a 1 «~ I ,\ 4 j iInJI CjL a^stJI ^3 4-a jjfcTi < n U Q **- VI j '“*" • ■‘“ l 

Bio markers i^pJI ali,. ^KJI ,i ,^>j ^ 4.1.1 

^£. 4j^a^. CjI^oJu i21ijJl>. f . Juj IjJ jj Juj 4 In njJLI 

.^sjJLLj 4jjL^I u i~ui") ^1 LJlc ^£jJj ^ i ii->JI ^y3 


( 2 ) 


4>j^u ^jlc. J>4^tt1 j-ilinXl * 

jpt_i ‘ .UvH £•) La£ 3jIjj jjV I ^Jj| ^jLJ I I j \j iC* t ^ji£” jl aI 

4_lILc. ^ •>- A] 1 5^3.1 L^_l 3 ^a jL3fca__4_uJ 4BjJl 4 jJLc d J ■" ~ (-LLa_Ia_i_ul 

*lj^>*j CP <n fn->~~ill y±£. ^_uojmUJ jjlill jJfo I Jl9j . 4j, „>.4i[ nt->Jl 

yj£jd t u a (jy 3 jjjuJI 4 1 1 uj 4 juIjj 4 jJlLa 44 3 j 4 J11 4 j i In 11 (JaJLstaJI ^yc jn.tj 
^caJ ^jJI ^yC 4JL*J SJl^Ij ^>4 J^L>» jj^ 0 ^Il-JI jj—£jliJI 

^q_?cjv 4.4 ^->- ^JJuj V ^ jl^Tr > 41 iaau a <Luj^p^JJ 4jcjj— lL (jy i£. IflkLLaij 

y 

^1 3J^>. , ^I Jjjo 4i^j ijy 3 ^JifljJI O' J k“< j 11 ^jaaj . jLaill (—3 — jL^II 

i^jJJ 4-Lal£^ 3 jj-ud *l^vL: 44L>HI JJbtlll Jjo _ilijJ L^jLaljTr-1 ml 4 jl3j 3jljj 

^IjjJI ^MjlII ^y3 ^ Jl^III (JXc 4juLLaj t 4_i3 4x.l jjLj Jj_pj^ijJ^JI lmmJJ 

. ^MjlII 3JI^L L^JJ- 5 J Lh° olljj I La JjaijJ— ^ 

LiUjj t^jSVl (jit. iyajLill ^u.4->JI OjI^J_ uJI J^L>» Ll^ ^Lj t_9^—..iuj 

Ase^j —Cu (jyic- (Jj)a >»II j-ilitll» |«u ml L^alc jllru 3jjt ir> jJjJ_>o 3 I J^Li* 

— Zj <jaa 4-stJj i~i ^ Jjuj V ^ jJI ^4 un {jy }\ I^Joj t« Lab-on-a-Chip 

Jal>o 3j^Ls A 4~ t~J .(«!» 2-9) ^JSk I~ijl J-A L^ tc-Jjua<L>JI 33 ^- 1 

y “ 

j3>i ^jl tJijVl ^j.4 I-Ijk 3jj t m 4 .u,C, J->.l jl^>Jl l-iafc ^j-a ^a jJI 

Lli-i•>■ 4j^Laj^ja l-.^ljLV' {yc 4^ 1 mi ) jL^_>JL> c~i t~ia 

y 

.^((t_j)j 2 — 9) JSLuJL Cj^-la jJt L^ t joiaol I ^j,s\,pc 411 Jj 1 -* Ad 4 Lit 11 l^i^.1 JL> 

^3 4_a,iifca_t II jLjvVI CjIjUj ^jujUI^S- 4j2,Lu-s 3 CiLiidJ ^3 ^aJuSail JLi)j 

^_iaD ijhJIj tMicrofluids ^^L4j^£Li.l ^l^i.1 ^«i£. 4oil ojLuLIcJI 

jlj_>.l ^JJ — ^3^1 4-iLui ^cjj 4 3j in Ajyjja^j^±A l!jI^J 3 ^1 jLrwVI 
L^aiaAJ >3-4^ 'j) 4.4i 11 4£jav- jLcaJu^a^l 4j^a- > J. I Cj l^ al V .11 4_C. Lia-o ^3 y jX ^a, ,1,3.1 

^al, \ •>~i i ill jLl>-^I oljLils 4-uaLiJI 4^l3aJI ^J,».,, 40 VI ^iuL> 
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Lr^ (jr^! 3^ Q^"* ^ Jj-^ a j)\ 4 ija II 4-jj>»^j {J ^ ^SLstJj Cj 


iS\ • 


1,1 jJil^-ll ^Li ii>L*j] i _ T ^ ^Jl 21I! ^_>.^_li (j-aj .L-ijjljVi 

. 1 .fll "»■ j J • i J A tj ^ ^ t I. ~ \\j r,± 1 j (. *.lljr t <aj l JLlIU Jjy Ivi ]\ jj-d 



0) 


^ j 3 \ r^ * - ■ > * ol J-^ ^Ll U>!>^>- 

^ U' ..* J j . L- *' * L$J^L»- t- >-« d_>-j-Lj 

4 i ■ * J i a 1 ^j't ^ l 1 11 j 1 ^ i a i/^ 



■iJ ^ - k XI ^ j~ i > *lt» ^ <i_ i ^j ^ 4^J cJlHj (0 1 : (2 9) JSL^J I 

w ^» ■ U.^1 Tl ^J1 .(2 j.L^ all) 2006 j^LaJI ajLI>■ Ij4 jkU jI jiu 

(* tllCTI 1 .1 a, l a T ^ja 4 441 ^ ,jl^>»JI i >L)^S-a_i L^L>- 1 * I m\a > L»*^«ii (l_j) ^-2 
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4^a_j Juoj! jiiaTn 4 ln~*t (Jr 3 ( jL_uj^ , l ^ 11 %. ^Jflj 

L^UJI jJj- 3 tdJuA J^iilil 4-lLa£. *Lul fCu £jla>* I 3jUJL>. 

d -'-T'JJ 4_^>.jJ^-u 4dl,<yc ^_3 dJU jj 1 1 ^ir 1 1ii~i_ i-uVIj I 4 L)-lil jljJJ 44)Jd.lI 

4 4 ^ l, I uillj 3 j_aUoJI 4_i_u^Li-uJI {jj* Lr^J * ^■ ■■Mi>Jt I 4 J ^j-^-J 

oJljLa 4. lxa a e_3j^JaJj t4,ljl nlLi P.m^f ^Lcv 1 (J ^£i CliJu^j jJb 4j 1 t4^ojjjJl 
Genetic iJ I ^_jJLJ cL) J_ 3 tJ i_jl 1 rirtltl J 4 _i_uijjJI ^JJQ jJ£ ^Ll>o 

J> 6 

t jJp ^ji cujbj V (_yl3i 3 j^_jJl>JI Lj^L^JI ^jJaAj j^Lj^a 4_Ic. ^ ij (Mutation 
l^lj .juj jI^JLI 4aj, i nlI Jia ^ ir.-yjl <J—jI 

jJjjLpJlj C-il jl<^£;. 4_j^Cj 4_>ijl_iJI <KJJ,I Lijfc (j_4 IwCijj 

" j> c 

43jLLI t i.*>Jl {jjq 4->i 4A,11 4 5 U lU lIUj L^L>* 4_iJ \y ,'li£' Cj Lai i.id’il ^Jl 
^Jl*"<_) V «4-ul_Uj—(_u » 1 J^j djJj^a t4 -»Jj f 1 p tx <ti JxJjiSj JjjudI —c. 

Aj ,< 1 t | d 1 j t L j l (} 1 " ^4 1 ^41 ^."X l t i • i^-N > d 1 ild i ~< | jj a 1 A 4 « <L-\ j 1 /} *»■ ~v. 

4^j Uaj. i a L)Mi* 4 jj^o djJjJ I d-LA j )4 Ti La —uuj (4 jLuoVI ^j-d 

l^J Su^LUl Lj^}L>JI t^JjLuuj 4 >j iln ^ i^. La^- 4 -Ij ^Cancer Cells 

L7 Js c£-> 3^ iSjjLasjfl 1 *Lidi£.I UiL>- jt 4—L^ij l-jLqII j-u3JlII 

.(3 — 9j J^LciJI fjyS jc-usj-d jjfc Lo^ t^LLs^-u Tumor ^jj 4jL^-li 


(-*) 

rji Ji Lu«* 



»Uapf Jjip 4sJ j-Jl ^Jjjl jjLj J^-l 


Lj^CkJI CiLal..>^')L> Jli* (3- 9) ^JSLCJ! 

(wLXJI I a d In ia l^j L j-i ^SLCuJ I :j. \ i<ntl) |4 uijhJI »1 1 i-Ls* I 
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**kil 

L^UJI jj —j Ar6\ 4 liar jjl 1 1 j—4 ^ ^ ^—.l-Taj 

4Jl < u4 JUfcJ 4 _jLloVI ^yA 3j£aJJ J^Li- L^jLqI j-*uu\j 4jJ LLo^-i-uJ I 

4^J Ly~^ ^ _)3 i -11 i*l n ^Lsje -^.1 j ■ % i s> J Ij-Lssj LiJJ 1 1 J } n \ 4 i« m 

3j j « < ^n 11 L>U»JI cilia C)\^ ^ Cj-^J 1 1 j1 4_>a jLgea_«_itlI 3^ VI 

V LiJJ jjj tSj-^wVl 4i5J J^LLaa £jL>. 3jlx L-4^ 4 ± <>>I^ailj Lgaar ■%. 

. Laj^3*j 4_i_i_aj Cj^jISLj JL3 ijf Juli VI ( n M>V\*t Vj l2_!j Ju 

4<i^ 3^in^ Jo-ca jLLoj^Jl ^jX. jiv jJLI <■ ii-JafC 11 jj! lILcu 4^J 
t /1 .^.C 3 V 4_u I ^IjjVl ^ln* 4 jjl ^yjl lj-lsaj t£^L*JI (jy 3 4 x_uL_u!j 

4»ti^ I jj^JI L^qL?c->. I ^Ji.n~i Lo, lie 3^_>- L!Lo CjVL>. Ljt J 3 VI l £ jJL 

LAjLcuaal **- 3 ~u . 11 * 4_uLIoj_laJ I Lj^LiJI ^TU^La djLC. ^ylf. 

c_)LuaXI j^oIxjlILi 

cj! fllxisl^ 3ju jl>» I—sLisT jjLUI 1 - j~>-i*£j C^l3i j.—isj 

^ya 4^a, I 3~i a 4 V°l ^>a ^jUnj_<_*AJ 1 11 iVitl CjI j 1 4 • I 

J> - * 

1 ^jllnj ^_^3JI Nanocrystals 4 j^jLl!I cjIj^JUJI ^ < nL> c_ s^ju jl^11 
Jla) o>La»jll aL^V ((Quantum Dots <Ly><Jl J^LldU^—*J Liajl 
^yliJIj ^ i <-y Aj. t CdS -l.J < 1 1 t <1 ^4J^3 J> ISUI ^\ CdSe Ju (jl I u ^^J-Ojl£JI 
t4-4.i>*»L-^*i a jL*_i! CjI j J livLlLVI 4 _jjl^ Lj. i•>. 4li_±M> ^ le La^.j is-\ ^ \ <<Cu 

<■ L 1 h ^l_3ej^.| l^-lajj .ol^Xa^-ilj lOj 2 (j*Li Lb j 1 lrfc.4 I —3 j 

L^IaJj Ls_<a t4_jjL>-Vl . t Jl ijJIji <ai t * 11 .ui'i L^jLa i 4 _j^j LlJ I olj^JuJI 


[Sj^ ^ ^ I l^l~j 4-> V t3^J 4*4 4 4-j^ AAJ i j r ^» I— JL 4*i 11 

d i^41 4jj-L<aJ ^olj). -w ^If is\ ■*, 11 I . Cj^Ljus^J,! 4?La j^iV 

3. i id 4 _^j^jlU jljil Jl^j ^<4 4, 44*1 11 ^j_u_>JI L>L>. ^ JlC. jjLftalaJj 

^JjVl 4 3 11> 11 t^jrGxjJoj i aLkj 4jjjL1!I CjIj^J-JI ol joa>. t <UaaMaJI 

^^3 4aaj-StU 4 _i^.jL>J 1 4 3 i In 11 Lo I t ZnS c£L»yJI CjI, l j 31 m 4_j e^A 

. S 1 O 2 ISLoIoj-uJI 3jLd ^yA 4_j e^A 

la^L>JLj 4 j-oL>JI 3jl ;jn11 ^Lfaujv-VI PEG (JIjLiajjjj-i Jj.4>J I JlA 

4otwjL>JI ^ La 1 <>V I ^ylc — ^.chJ 1 jl 4 • 4 i-A j ^.ijn*>o — d_j_)Un^_i_uJI 

.1 if l I jj . 4 jj>-jL>J I I In mi I t _ylx 1 1 > ‘ L^J ^Iju Cj \ aaa^J I ell lot 
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*UlL**l*-l- 


3jlliaXI 1 n-wVi iCji_j_tj_>JI illlj ^ jr Lx ^ j)*i**■j (J^l 7 *- 41 i— j[ i^aJU ^ 2 -w 
■a.j2~ oij ai»JI ^ La., uj 4_3 JLJ!j 4_jjLLd^-cuJI L}L>J! CjLLjj^j ,^-4 4 a~i Ja 11 
^ < 11 ^* 1 1 Li 4 -u ILjxJI Lj}L>JI Cj Llj i >J \ 4x>.J lLjJ.1 Ju 

^ mi ^ 11 , l i a4 . 4-il u^itl ^>xx LjM->J 1 {j —-4 LfcjxX 

IjlA Jaji.1 4Jl>oUI 4x122 ^ljJt2 —lm Lj plj 4J>Jt (1 4 4ji— xV! CjLw^JI 

4jb* 4 ^Ajn 4 4 -jjLL^ />>!! LjM->J L 3_}^jv^_tl CjI ij i>«t) ill 1~ 3jbJ ^^lx 

L}L>Jl JljwI^j ^jS'La I 4 4 J <jr Lx Lj j 1 ^jlf I _}Jet_4 4 _Ljj_>. 3jj}-u» ill_IJu 

M 

jl L^LiJl alLA jJL> L^jd tuji jxal I j-JajtlLi LajUoIuIj 4_uUoj— i_uJ! 
J)4f j 4 j^_iL1I 4j lj&2< uX\ CjLuLII dJu^J 0^ * La_}I Jxl c_*_Ls 

Molecular Imaging (jr li>>Ji II ^ JjLa ^ jl 33 jlj^J ^ ^»Vl 
< f^yjQ 4xoLv j^jxI! LI lx. a. I £ <u.i (^jJ! ^ IjjVl ,>C. l. ,i3 

• juJ I (jy£ 3j£LLl 4xiU q^i ^Unt I ^ IjjVi ^ 


iflla-ttlj 4 j$ jVt 

4jjjLj CjI _(j-* 4x£^_tl 1 4_jjUII ^xflliLfcJI ^j j 11 jJ-uaxj 

^xSLojJIj 4jj l (!jx4j-iL) 20 ^jX LfcjLLs I jLa_> 1 (JuixjLol4 

4 j^LLJ I 4J>»UI jl>ll ^U4i^c-i JlSj . ^jLaVlj 3*Lfl£Lll ^4 4 11b\i 
4 j^x>J! CjLjj rr \ 1 4 2 l“i sc. 11 ^Lt^Vl J— —^ lx*J I ill L) 

cj l i iijijxLli ^l_3t_^l ^-4 iiU^j t^c <ii^Jlj Biomolecules 

JI ^^3 4j^jLM 4jj_iVl JL- -4 ju»3j ■ ^ . „».>i,,>».11 L^j oLuaJ ^xl l L^-oSLJIJ 

3J—xo l^SfcloJ jJl L^oLt^l j—i-xD ^x * 1—4>aL^4 

^l x^.! ^1 ^L3 _j ^jJi ip lx^JL Immune System 4 xLU 

—^Vl {jjz 2 b . ..\j > 1 ^j.lx ^jr-> 3 <j 4 14 j lx, 4 L>-Ji 

^y_4 4i«JI till" ^l_ oj| _ixU ^, 12~ 11 j-4j ♦ Antibodies 3 jjI— uaXI 

3_>LU1 LewJ CjLjJxj ^Ix SJuojjLI ^1 Jjjl 4 x1 Luo i4_^jJi jl^JLI 
jjs I^2j 3 Ju^Js 4 J ilr) ^xflLixj 4jjjj ^cjJlSj tJ7 ± 53^=WJ 3jx9 1x1a CjIjli Jl^ 

: 4x1 LI I LijJU 

. jJ-U 4 11 n‘i iJf 3 3jLj — 
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£y» J^L>- £y* tiUj^ i^l^jJI 4 ia t u 4 1 1mJ Jjl fl~ — 

<JT $ lij^SLU 33 J (j—* 1 1 ^Mtj 4-11 ir^U 4 —jItkJ i ^yjl oj -lIiLl>3 5jj 4/nj 

. u^lL) cZjll^Jfc A 

♦ 4-it tr^U ^-m->J 1 *ljjil 4-11 1 <all 3jl_i,l — 

jj»iJ!vL>- ^yA ^IjjlLI 4JL*-3J1 3jUU Jjuljs ^SLstjJI — 

4x11x3 3jl__jj ^iftj VjA-a t4 _1 4<il 111 uVj iu ^Il ^ 1 ...«,.o^a jl t-i 4 I 

CjLc.^>J1 JJlX. J j \ <rn 1 'J [* iSLaj^Ul ^l^jJl 4 -jucS' (_^ia_uiitlij t^l^jJl 


, ^ 1 ^ .*!. 11 4jj 11^ t L 1 


(jl < tM>U 4_i_mil <11 4JL>J1 ^yic. SjjJil 4j 1 In1 1 j. _-lb! at 11 


CjI mj-nII liilj ( _j^»X. 4 j^jjlSLi-o _iIlJ 1 -1 j~>- Vi^a <-_jIT rX V1 CjI jl jua-4S> 

C-SjjiaJl 1 dl lH he. ^ Cj_ 2*0 J-u_aJl ^_3 ^xLaJl jl 3tU 4, i^£Ll 1 4_SofljJl 

^7i n <—jlTi^Vl 3 1 l_3j^jl 11 ^j-«-3 < 4 jU*u>LJ 4 j -w l^J. 1 4JUJ1 CjI i^4l Ti *3 
^^ 4j 1 JL_i_ujV 1 Cj^-LbU CjLoj^>- cl)l^-i£jj 3 — ijkj ^jx. BjIx. 

4j^_j Lil 1 Cj 1 ^ *•"*■• ^ 1 la j. &jli} 1 4 A lx. ^xuaa 1 i>>-LLa J£-ju 

Ju -033 5^-A 1 In 11 tiJ 1 j ^yJx. t_)l Cj 1 J 1 xia l 4-j^LU 

Cj^UsIj CjIjj 3->> 4 i <i j 4 11 £yA LiUjj i l_$J 4 i^xl t<~\ 1,1 Cj 1^_ul1I 1 

Jul^Jl (—J-- a •"*3 <^_ll £j-a 4 ^tt~ 1 1 4 j t is \t 11 JL injVl 

^ f)~l i II A Ju £- Ij4j1j ^ i l ^ 1 ~< ! LaJ-^3 J2j LiJJjLJ^ i libjl 4 u A 4^lx. jj I 4 1 A 

^I^Jll J1 JlIxIj 4j 1 lurill 4JL>Jl CjLj 4jla (3-4JtIu Lu 

. ^UJl 




jLj 4j t art ill 4_JL>J1 ^^Lc. (jx: 1 Jl-i» 1j 


^^ojj^jjaJl 4 as^lSLa oj - t ~u 1 a ^jllj 1 , 3 -^ 




4-tilL tfjl/ s*Ti 1 ^jJI c_- 4 - 4 -fcu£Li 1 4x.LU1 3 IJlo 3 uwnjl HIV^ 

jl _ lm-A JolaAJ ^jX. Lilljj i AIDS a —i.uLi l_ 3^—*_x3 4—^3-^ *y 1 


j4j^J V ^Lua^jJl _11 olj^ Lj^Li- djLoj j «a 11 

4 <>gl>l <?JuS> j-L^o Ju&jju^ . 4^.LuV 3j3c _ui>a J^aUt-4 LaLjJ ^Lc.L>- 1 ^jlr 




4_u L flj^ll Jilji 1 Cj 1 ij ^ 


.1 


Lr 1 ^ 


. 3^3 ;3j 11 j n 11 IJLA 4 tt *4 l£Lj 4 m L3^J 1 4 j 1m 11 3 j 41 ti 1 11 
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all 

4_aJoL*j 4_ojjJ^ (j;r Li Ll-u1 au\ , i au *j jLnil I jL>u 1 ^yA 

* 

tilljj ^(JjJfcil *>>Jl ^j 4lj u-»>j 4 _£LijK_lj3j 

l-jjjJlII {_yA ijf uj 1*4 1 jJ 1 41 a"* nc^a 4-ujLw CjI^jjG J^Ljj 4 j_Loj Sjma 

4jJuua j1£j->> 1 4_illitll 4_ijjVl CjI£j_Ci ^j I 

Jj-uoj Cj l i I a~\ Cj If^jLjl lIHj ^ (j IJ ^jl <.njV I Jidj *1jjJI 

Jl*jj . 4_^>lll (Jli- jl >j-*J ^jJ-i {_y* -ilj-M Lt^! CjI—xj>>» 

Lij V I 4_j_*_uaJ1 j>dVl ^yA V j^IjjJI 4 J—Sj 

djLjj j I 4jj£^ 3 (_>9 4i^ljJI 4ajl j jljJU CjUL>->. 4 t m*i SjLjj 

4"i ja < <i 41ili t 5-iLjj, £j7 JI I JlA (j^l LaL^IjlIj 4x.^-»Jl 

. 4_*_ljwj c-*fl1>C. 4 in ^y.*ar jj Lo^o 

j-^alA«ll La^j^JsajJ Vit.jfcU ^ t <ujjJI Jj*M jjLiJI L^.>lj_i£j jjuj 
jJjpo till jj ^JlIIj iS^l '*« ^^3 4 im't 5jLj (J-* 4 j . U t 1 

jjLa-Sj (Jj-lv 1 JJV>1 y i<i:A I tillj ^J_c3j . t_/-J 1 I_u I Jill Jl%j__uj1 

(J-Sjj Jju-ojj CjI jlof ^3 4 id~i.cj CjI vL>j CjJI 4jq JlUjjsj 3j£iu^ 

SjUI oLL)^ J_i» JjjloJI ^ 4 lull I iDrug Delivery ^1 jj_II 

yLSj La^_lC. ^iit>J 1 L^L>. (_yA l^ntj 4jl-w pljjdJ 4JLuill 4^ul 

Ci^&yj ^ ^ iJllU jj j* • '■ ( _ 7 Ixfl . 4.u4j 5 ^j3 I I^_lLLj_4 

j^lc. L^>Ijjl^. ^(j’.i i,->. Porous Polymer t., 4 ^q 1 jh ^ o I j a. 1 1 11 ^ya 

plj jJI djLo oLL)jw a 4 til 4_u»lkU Cj I j ^r 4J1 c_9^/Vl Cj 1^ k 

jjuajtJI (jj! L^J Jj-ac-4-ij oVj _<^uSJ 1 dJufc JjLZj JllCj . 1^,1-via j t 

^JJ ^L.iiSiVI |Ju3 4i J «. < u<.ll j^l>JIj 4^.^k ^ iall 

SjUll CjI Ijkjj .J t i/->LA j , a ts>\ Cj11jJ^>- Oj j« <^> »lj. ~vI 

0J ^\J 4_*3J £>=*3 V tCj^/j) tilij JJ—i-uj pljjU 4 ^jIj^j^!I 

Time- 4j_Loj oVjaaj 4_l>jL_u 1I L^ljLka LxjJj 

» L^jjs 5 J->-lj 4Jj—ik ^XsLajJ (jI iaU jjjj 1—^ ireleased Drug 

i^kjjuj .Cjlj^a 5 Jjl! Ljojj 1 gjlr>L*j ^ya ^Jj j^Ltll dj^-5l! 4^1ajJl dJill I>1) 
»Jj a jl I 5a"i4 4 4 j j W> 11 >jBLajdl ^j-uL* >V1 4_>.Ij_II 4j^jV| dJ Jt 
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^ i u_iLalla.il I , tj < 4 XV Aj^jLLI! ol ■ j * ->J1 lLLIj JILaj 

*1jJl 1J SJLuaJI 5_ilJU cZj! ni*v L^_Lo 4_j_ijj 4 _j_ lmJ >^_yjJI Fe^O^ 

Jt 

. I Lu4 I q ja 4«ima 4 J^<<*j^ (J->- I_i Ijla Lg^Iai j!m C^x»_i 

4JLLh_Lq l__i— jj-LaJI ^^JL> 4 Jj < >u^ TI (jJajjJll Jjl—1 j is-gij 

i.n-Litnl j t a ^JLjeJL 4_>»^Lc. jl^JU L^jl>o ^ i rtj 4^vjl^Jl ^_i_uj>JI 

^jJ.J 1 4^11 SjL3 4 l « «J jj y% iS) jl_$->. jJ JLSfc^-«_ul Lilljj 


Jf 

CjIj! jUt\ L$J i ±j*ulA i 4 JJ (.ii iK II ^>.1 Jd 4 _j /.tjjLaL-Lt .11 oL>-i.i.>%jl j_yic 

CjLscIldJI >Jl *^jJl 3^Lo CjI JU-L>* ?[±j\ J-4JLJ 

l-j! u*i 11 11 £_udjJU 4 jl**- a 4jjlj_i 4 X-^v- ^jJlSjj 4j j) i.ii^iJ 4^>al—>_uJL I 

) <jr L>-l jJI ji>>all ^t-ua^a 4 j I a • j LL&J3 Jl 3 Lijtisj LaLqj * j tJlj 

^ 3JljJl>J! 4j^jLLII _i!jl! jn 4 (Jj-ALj ^yic. 4 4 _jj^I <>JlA ijr 2 J^jlII <Sj^i3 

Ij^UJL) <LuoL>J! (jr^J 4_3_9-*-t-a Jl illj I J_i2jlj jm£1 CjVL*. ^^-C. 

^JLL) .il^Jtl Lilt 4x.lj^j 4u^UJI itl]LxJ^ljCj^jL>ull ^jl 4 j nn t II 

JLuIlJ ^ jj>.L>J! £jL3tJ (jl jJL-d 

U)j j j^oj^-LajJI Lj^ii-LLaLijj^yl^ 4lal£LJI 4 ia^ll OjjSzj* 4-3£<f>LqjiZ<- l>- 4j^L>- t ^o 

^Mc. ^yk. SjjlaJI L*J Neurotransmitters 4 jii^c. oU.^ jMLa! J}L^ ^ 

jlSjul^^yJI jjLlJh - 4“i < *l!I LdJ j£^ 

4j^jU CjLlxjjw L-dJUij i^cjJI >U1 -?t~lL 1 4_u jJ.1 4 j iU11 dilj < nU a 
*4£.l ^^ajJI ^LojJ! ( _ 7 _Ll Sj^l — 3 (jj^j j_i_ua]l ^y-3 4^jl>LZLa 

JjaL»jJI L^J j* _i~ij L^a 14-L^j \j-Zj < J->-1 l j 2 li < n'il^JU^yJj ^JuL^at, < Ajuda>. 

1_>.Jlj (jyJ-il (jj-S l jr a 4 j• 4 jI jj L^l^^jJI CjI U1>JI Lilt 


ni >tt « jjLJI ub 
^jlla^okJ I A^j&tSLl A44J^Uitll <Lj JLildaJl ® 

4jL-aV! fj£. 4-4JvLl]l 4_ jIUJI dlfljJ! Cj^Jjla ^ji Jj£Ij t rt < nj-ll ^_yC 

4_il Jlj J_Lo ^yjft LaS Llj^-oj dJJa^ jjxj jl ^j_i_u_>»j \ ^jlr. lj_Laj ^cJ 

JljLa ( _ps^_L! I JJb (jl 4_3j_*_a Ljajl Cr a .3 •fV id ^ JlojlI! 
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. 4j-oLl1I (JjjJLi lZj^LssJ £^-a_aeJJ 4jLM 25 j^l . i.isx lar.j 

Cji^i * ii n 4 j^ iluJi 4 ifljv ^ jJI ^-i-i£> 11 ^JuaJI ^ya ^Lc.^ 

lILLj ^jlJa t4jjLLa^ 4-oJl ^1 4 jjJJLI l_jLi _*-oVl JjJl>»jj 4£jjla 4_uJoLII 

j^jL^JJI t Li _ JuJIj £>U]j (JjI_4-« ^wLAj ^Jl Julj ^Uyjjui* ^aJ <txLuall 

> 

4_>JLjl1 4^oJLstA _ lJLI AjJalAall ^jpi LgfLfl ( j^9 

{j£- Lalj jAil o! L*1 < ^- 3 L1oj— i^JI 

. Radiotherapy ^LuiVI /\ * Chemotherapy ^LumSJI 

4ojIJo^—mJI |» IjjVlj 4_>Lfc^ll t^T-1 jJbjuJi {j£. i c 2 

4 gihiJI 4-ae iiitVlj L}L>JI ^ya \jbj^iu lLuj^S La I A] dllAj AjIj-stU 4_u_ul. 

4-ia^LAdl lILIj O U“ i pi JjLJI ^j^-AJI l!>1 jijt uuj ljI J-ig-3 * I jJ . ^.oo-JLi 

i _ya La 4jtlaia (j\_>• uJI ^j^JI <jr l£- 4 iajgll CjVjUta 

4X.LAaiwI { j£. eiiJ jj t 4jL^JLl 4 dLill \j \-* a 4_iLl gLuaJjJlj p— _i_uJ>JI 

4jjI^j>J 1 4jj JuJLl £>UJI)) L_fljju 4 jj Jl>- 4_i1oj 4ie3Luul j~u l"ill 

J^aVl ^ I jJ£ A r,TA \ c!a> o— U r,! ,i 4^ ♦ Thermal Ablation Therapy 

4j JLiLAAJ 1 Jjj_LaJI ( j r ic. 1 ^4 jAj Cajj il*^w t4 Iu_lj>J I r ljjVl ylfi »1 I>ia11 ^ 

AjjLaeJLI 4gjl ..ill LMiti] j,i a > * 1~< gl L^lc jAJj 1 4 LojIj (jpJ! 4 4jjjJll 

£>UJ1 JUJI jjfc Lg£ i4jLuaJLI Lj^LieJJ 

^1 > ui iiij 44 jjIjjkJI 4jjJuJI 4_oj^_Ls ^jl (JT JI 4^LudVLi IJlA 

4juac_li^a ^jLAj I 4^Jj 4— 

^c-iu^>JLj (Jjfc_Ai_ i_u! jl3 <3j->.qLI l!jVL>JI jiuj 

4_»j^-i_«j 4jl^ i"if LfcjjJu 4iAT) 4-jjlagjlil dLj^L^ ^LAjlLo 

jL>. ^LdJj! ^yJI ^^J- 1 4_llA1II lIUj jAtj _l-uI Jljj . 4J£ ^a_co^ Jl 

4jj lm Cjlj-pLj^ 4-gg^.j 4 ilc. ^ **■ -j Lg_a t^g. Lj^L>. 4_>-j J 

jL>. jj^Ju jl La^AojJu La-a tAgJ. ^uJI 4 y L^LJnJ! (jr ic 

♦ 4j-vI^A jIIsj gljl t>jr 3 ^gjlj 

.clAj^JoJI cjL^i t-j-dl__Ij t _ y lSAJI ^JlAjJI {j-* ^ lr j 

Jla SjIjjJI 4— ^yjl 4 jjJJ,1 4—^LLaJI 4x.^IAa jjl —i-c^a ^l-Lstli —t_uij 

(J^L>. CjLjJ u j JLuj] j' i4aJljJl CjI JJjAJl Cjl j 4jJja-<aJI Ll»L>.ji,l 
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j.l&J In u~C\ l_4 Lo_>lj OJJt jl VI i 4_j_i^1 i tj\ 4 j- injld i t II CjVLjfc-tl 

t4_iJj-^ < v H 4jl i^>j g 11 4 Tr t n >1 (JjjjLjsj ^JlC, (Jjla 4 aj^jJI 4 jJ_oJI <Jjal jjlII j^a 

L^aLfc^lj LV->JI -iljul 44 _oj^£L!I t-jllaisVl j-uolj-4 j^Lol ^^3 4—9jJ! 

. L#J ^xj^LlXI L>UJ! j>5 Lbj, if*. j^_J l ^ 41 i 1 u I 4-1j ^ < ii 11 jja ^.n j 1 

dlj JLilli 4.^.1.1-m jj i^>» lIijj! Lkj^iAj 4_i i <Vill L_)L*_uaJlj CjUs^jlII $JlA (_]£" 

^IjjVl ^^Lc. j_j_ujl jUoj Lr^ Lgji^-uLajj 4 a.X2IJ.I 4Jaj^IaJI 
^ y ’*i"w — LjJL>- 4^oJL**0 1 «ll 4 j JuJl^jJI I 4 j tlr I j I f .I ddl jJLi I ■ j s a I jj 

t ilf I [_C, Jp LAjI Jujl )\ j-o JoJI jl 4~i i 11 ^IjjjVL) d^all — L 4 I 4 <Jl*jJl>JI 

LT^! Juts\ j^QJ t 4 4 i«wj CjIj-ijGj 3_}d M-j^I jL^Vi 

frl i>>nllj ^jlls^l ^jjJI j-£°> Ljr ^ ^ t->*i 1 u~> tSjUO^ 4 _jj>-VL c Cj 1 ji a~) c jjlri^j 
JJ 1 tt-Lq LIU* 1 4-uLm jIjI ^I dJ j (JJJJ ji jj-> j-4 4 _j1c. ^l^ill 

JjaVl j^s jd£JI jjLaJI <■ _ An CjLlLSj I . £ I J__i_u -L>- j^j>J LaII J 

j-0 1-Aj-iA jjJ I—AJb>.j Lgjua J^IajJIj 4jjUaj—dl VI i_fllj^I Mil { _ 7 3 

* 

CjLjI yip^ j^llLjl Cj J^I Cljjs. 1 4jLud I j-±£- l— jVL->JI 

i*\~i )I ojjt 4_ijLdJI I j-L>o j^ixlI j^s jui^U"i11 jl i—jjLstail 

jj 4 4 j->.jJ^jj jLjT ^I jj_5 j-« 4 j_u^JI LjVL>JI dij (Jj-4 4— 4 ,JlSlJLl 

. a Jl*j j) ^V^-*JI ^LjjI ^j-jdl ^c_<_uj>JI 


jUa^d! Uftl Ji£ ij^/V ijV^3jr4 • 

4 - 1 a fJj J l j^dl ^1 ^jLlII Ll^jJj) & ~j ^lc Jijjjtj L;r 3 JajJ.1 ^.Lai 11 _iLa 
LVUJI jUoj_ lmj 3j-*J La 4Jlj}j j-^4 4 t<~nn jfclll 4j^_lVl CjVL-uoj^ j-« 

t. <j cjUUoj-ijJI ^Ijj I j L~>~v- 1 ^ ^ 1 jl*j ^ jJI Astrocytoma a.l 4.> i 11 

t^JU ^IjjL) 4 _jLi-oV I CjVL>. j-« 4jUI 40 j4 ji^l (Jid 4^11 LjV^d 

• j^JtJI ^-IjJ La 4 aUia LajJ I_»jSLa Jdl J 11 <±j _^ 

4jjj_u 3 J5^ t~uj ^ol i <i^tlj jJI jl^-ll dli j I ■^^‘3 UI d_JoV 

^1 Ij-laJ i4J ( _ r C.L*_JiVI ^VLt-JI jl 4ji>a Lr >.lj->JI JjoLajJI ^LIdVLI 4 «1L 

LVL>. 4jLaCiJJ ^jjJJ jxfljJI (—31 J-^jj_oVI ^^3 4jJuiSaJI j^-LaJ I dlj ua4 
.SjjLsta 4 ojl t n LjVL>. i—3^LjI jl (jLuajj-i-ul LJLc La_a t^JU 
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»dUl 


US. Food and 4_j^Vl j 4jjl£V| 3jU c* 34lj jlsj I juk 

l>l j Vliiilj (jr i^ 2005 ^Ll)I ^ Drug Administration (FDA) 

IjjUo l a <*il ^jVI (JdQ^fcj ^ jJlj pJLdl iii j_>Lill 4 jj) j 1 jl>.I 

" p 

v-dJj JlLs ^Lae-uj t V*< < nj (jLia ^,—lm i _ r 3 <Cu»^>ll £jl J 

, L^jg, f. 1 <,^,S,I ij ^jjJL Lj^L^JI cJsl 


Jtlaj-uJl ^21 4 Lj£jU 1I L-idfcjJl L-djlJL^ • 

i _ r Lc gc llnu-»l La (4 jjV 1 dJJfc lia<ol md < _ r Lc La lj C& 


vLixiil Nano Gold Particles 4 j^LiII c-^ajJI oLu 

y 

\£j i At I <j <w11 i_jjjlII f.\^\c. JL>. 1 JlAJ 4«loL>> t 4_ijLLa^.xaJI ^IjjVl ^^lc. 

2008 ^LtJl i V n nil I jJbj 4 j.<u.L>JI 

< .tfibjj 3) J4 "ai i±ujj t^jji mil (jjtijjJi jxd {y* 


*_>L_k_L 


4 11 A jJl CjLi^sJI < U j~jI , 4-jjllsj— < till LMiJL) t-djuill ^yaJLiJI L_ufc jJI 

uljOJ! lIjLSlUU Jj ,a |C. iu>JI j 1 $1Zl>. jJ^. JjlU 13 lj_laj cJul jlSJI p < >■'< 


, 4.<ul1 < > 1 11 L)}L>JI {jj* 6 J-^- (jj - 5 (J-l *' 0 (j^Uoj «JI t_ / j i^>“ 1 4—43.jll 

? “ y 

^jja jk>-I ^yic- *-Li£ *«u tall)) IJlA ^LdsVLjj 

^J| i qj (Nanoshell Particles 4 j^jI_L]I ^1 mv ^IL\.^ 3 jlj._l*_JI 

»(uJI 4 jjj^ S^Lst^o 4 i (“d ) ^_£jJI ^4 \ i ^ tl t ^ i jSj,~ 

fi . . . c " “ 

Juu <k„i.i Aij!I djl^, li«rdl lIIIj £yz 4j^UI cJuljLtfJI jjl yfii *. il»"■ 4 -^j 

t^jl—(_ ujMJ i a jdl ^1 juVI Lkj^Bl ( 2 y° 

4_u 1 11 olj-jjtll yoIu-iA ,I ( yji O^ojV' 5jLoli_ul Jua j^uSLtJ 

SjJLalJLI 4 j i a II d>!_■ IaULj 4 - 4 ^. jJ>l 4_jJiLa-lli CZjLL-oLLMj 4-xq1«JI . ^ L~- 

.^jLajJI 4jj^ioJI 4il^j J^L>- ^jLcajVl l^iiu"XI 


Ii4il4.it.* 4 jjl lJijI J^( lj 



4j^jLL 11 CjLflJuuail 4 _ijIj jJIj 4_I.U1I , "(1 ^ ■ U~ Tl ^4) LojIj 



4jl>sL>- L7 -Aj 4_j£Ljjsya VI d)L*_fll_>Jl ^Jl>.L 3 JuIj 4.i.<y.lc. 4 _i_«jJuo 2 j^*w ^1 

^ ^JLdl ^fi intii.4 ^ylc- 3^—d^Vl 4 jl^L>J! Jlaj (Rice University 

4 j 4 1 1 11 Jill (j-A JuJ^C. (j r l^. Lit! jj I^jllll ^JLfcjO 
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^JJ 4-jjlA jJI lJijI JLiJI c-i-i 1~> I ♦ <LlmA j JUsc-LL) 4^11 4 jJ.L*-JI 

l^m4j AjuA LjviJLj £>iLum^\ Naomi Halas ^yVLA ^^yo^jLj j *<«I 
KoL I..I1 3_iLo Jya 4 j^jL) 4jj|^£ CjI ±1 J)jl V*> ^ya ^nr^ll L^Sjj3 j->« <"< 4~ 

120 j 100 ^r\_) jLLat CjI j — Si02 < »II ■ ij < n^l ^ ij — 

4 jrt X 4j I iij a La-i-uj (4 — 9) J^CuJI S ^ IjJLq^jLj 

^uVLjfc , .. > A jj^ 1 ^1 4 L** I I S A ^ I il ^ m a 4_ljjJjJlJI ClLiS 3 IaI I t"i l i 11 v 

IV 

{jA CiLij.i.>. 4—jl JljJI j3 1V-J .J^jll JSI—1H1J1 (jr s LAyo j—A Lo£j 

^ ^ 

4_ialifc_d Amines CjI i j a \ ^Jxa_>u l^^.La_i_u I £_IL*5 ^_yJI l^jlj* “II 

. Core uyJLoil _<_ul l^jlr JjlLaj (jyJI 4 ijitt AJ ^y^jlidl ^la_i-uJ I U> •"« 1 


(7) 


l^jlj t nil Cj 1 u 1 ~>J ( ^ 7 _>-jL>J I ^ In 


i _ y i£. CiLLysVl i tii 


Cy^dJ 


JoLalllj l-j I Jlcw I c-JLSJI 3_iLa CjI »j «■>» 3j jJs J/Li n->u J-a-O L^jI 

2 ^yl^. LajI t~i41 jLajI J_V ^yiJI 4 jji^£LII c- 4 A jJI CjI _m>. 

jl Jljp 4 MJJ ^ (-/-A j 4 S /U» dJjj 4 j 4-JJ^.jl^JI I 3fc la *■*! 1 i _ylc. Ly— j 

(_yJ| cyj_i_u^!lll 4 _i 1 4 > 1 4^LUI 4^-tajJI ajJjaJ I SjLj^j ISLg. <_u 

4 i (^lll — 4 j.i. A jJI £jjJI — 4 i i A jJI 4-axiaJI . CjI^j-ajjLj 10 

4iilldl CjLyj^a ^yai 1 ^n~ a' ^yLl Kjlnull Cj I * j 1 ^ 1 ^y^-j L>J I ^_La_i_oJl ^yic. 

.CjIjJLqjjLj 810 4“< 0 >4 j-Lj ^>.^0 , 1 if La^I 4^-^3-L' 4_uj-iiaJI 

Cl^ya^J dCij ^yi^- dJ jy i4oj_A jjl i—dl J_aJI j.Lurir* 1 ^y 3 j^iSj 

43^ Ci-oIaLtJ 1 aj 1-AjJu-o ^Jli L^a 4j->LLaj^uJI Lj^L>JI l_)j>-j>JI 4j^jvUo 
4 j ^cj ^ jJI ^^ySjJlJI qh a ilj . ^4_uJ>Jlj LAJ^vJ CyULCiJJ l La^I Jlc. I 

f ^ c V* 

<■ i < d^j Ca.l'v 4-jj lioI Lj^L>JI ‘jA 5^1 j>>U VI CjLLijj^j j <^.->-1 i LaL_u 

-u_i_>JI dlj ^j-Te-t-uJ JuOsJl jl JljlL-uVI dJ!i Jjijj . CjLl^i 1 ->JI 4 5 ito ^In » n ^lc 


>) 


lJijI Jl3 4j3.^Hj SjLuaJLl ^1_«-*uwVl ^j_nj C*-l>- tL_>l ts\ 1,1 4j Jjl^a- a ^ _3 

4_>LuaJL I L)^L>Jl I CjLu-l>JI ^J~1 •*--J > 1 ~ S11 4_>.L_u ^yjl I_)La jJJ CjI n I ~kJI 

. (5 — 9) JlcJ I j_uojjo j_A [a£ t LAj-xC (jj J 4 > Inii4 

Jjj-dj ^y 3 J^tlll Jjljj 4(^1 jl CjLcL-u Cm jJtj) 4 Ijl4 CjLcL-u jj^ yo JlJljj 
1 J-u 4 c _^LL zs^_4_*jJ 1 jJL*JI Lyl^ LT 3 4_L=t_pl^y_L-uVI L^jlsIjjO ^yjl i_ijl JlIII ojjt 

jJ-LJ ^>~^a j.L-l.1 p l^yn_>JI C>J*o 4 t m,VI ClLwjjO 2y° l_y^-' 1 M>j ^ 4 In jl t uJ 
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JUjj V 11 JlJv. 4j_Laj ByidJ i_iij Jj i4_iLuaJU ^£LaVl j_5t_i Cjl^jja^jLj 810 

4Lift 11 4 j4_j^jLUI l x A .'lH CjLtj t^w ys\ ^oua\ J 

it iZj-> o 4ju_ 2uVl ^jLoJl t L^k- 2A k-uJLI 4nj 13 it 4 o>.jL>J1 

CjLtkjJ 4_sLLs L$j 4 ■» 1 i 4-uj) irill 4_^UaJI (Jj?rTi 

LoLftj 4ajal^ t4j^Lo 4^wj_i 42 ^5ej ^1 Jjuall 4 _l»-jL>JI 1 ^U ml 

Lgj <_ jLlAU 4-ajLLsj. full (_j^ — j 11 1 ill jk» ^jl — il 

545111 100 4*i i t h i cAi-oj i J-ol^ ^Lsejj La^jQJGj 



ljLlajl->» 4-a-JJ.I 4u 141 ill I^-xTI j*-AJ ^ (^—mj : (4 - 9) <7i!l 

at LiSu jj-fl 4jjLLsj_j^Ji iijLfl *_ajI-l 4S 4 4,iWuall 4-t.jAaJI - 4. t .^n 

kliL^i 4 ij A ij^JL J^SHJ jjSLjJL_i^Jt {j .4 iZiL a ^ y$sy ^-u^a»iU I Cib Ur (^£5 . jl—atj 
<L l_-vj Ljj I l^>iU mi Jj^b (O .(t)jJU>»Ll 1 00 -L_J^J Vjl U&1 Ljt^ (Sj^.Uk.U> 
Cii \ j.4l l1 L_ij Jj j 1 1 i JM>. «_iD!aj t4j^jLJI 1 a. I illL *_i t•>» 1 ‘j ■ "j~j ‘-jJuw ^ If 5 jjL_3 

11)1 Ly ic ui jjl ujL_J^5 « M mjJ 4u 1-4^ jAJii JjlJ H)Vi Jl O 

2! ^ If 1 >-jl U51 jLaj} jujj V ^yjJ 1 t it .. 1 ■ ■*■ 11 l< 11 < >~il ■ ■ jVI JaAtii uu> 15aL mtl CjI ua> 

■ ~M ,, , ^.T 4.j_-vjL>JI ^U,„Vl ^_Lc 4,4iAjJI ujLj^SJI 4 t I 41 TI 

20j2 1 jy l^SL» <<> £jl^4J 4 ujL4-Jo 4 1 j^i If 4^.14>j L_CjjJ ilLJaj 4»_J^SL« K j 1 j mil 

i^l i i.^vl Jjlli. J_uo_>o ^y* 4 i aAjJI LjI—C j-dl tJJLD <y'i lUJ j a \j Z ,ajjlj 

lLLL - ■~ l ^lLi^>■ 1 ■ I ^ ^ j Jrt ■^."i ^ J& ,"., T | ^3 Y J& Mi j 4 j, LiM^J 4J>t i4 A 

LM^kJI ^«L5L4 ^_J] i^ut-LdJt uLUj ujLjjJt J^ju ^ a~ I ,..^Vt 

>' l? Jj iulliJt t j-d OmLui tlj 4 4 > 4*<aj (JSLlLJI :j_LloII J m>iTLi 4-LjUdjuuJi 

.(SjjIj l_ijL>o y* 4j LI 


d,,LH ^j-uji-1 11 < Ja h tt <0 4_dJ^)_ ilJI 4 j 4 ; 11 )I CjI _ lAsLlli jJwXjj 

CjLuujv ^.Ll^iIoI 4_ijISL«I tiiStJj 4 ^1 ijJ ^ysy C^i>- I Ju^j 4^ 4 !I 

j->aj . 6 VI 4 jlf Lc->o I ^culS L^J 4_J^Jt3 CjLv^-cj c^jual! t < AjJI 
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V_ 31 I I I • 


J—j Juuj 4 _j_>-jL>J ! 4 ju a jJI 4 a i In) I 
Cr^l ‘—9 3 —i—u 1-LA iuJijIjlSJ! 4_i^*jL>JI 4_iiAjJI 


jrLn {jC. 3joaj £-21) 4_ijl_lo^-i_u j|j «_4 (J^aL*Hll CjLujj>JI 3jJl 3 0_}Ljj 

4-i i n“ij I o J-A i j !A^_) Lu^JS < a ! I £) I I 1 jJ • JlL>J I 

. J, iSv-J I j ^rUJjJ! jjiua i^u-uj>J! »1 inr \ Lj^Litj 4-ijlIa^.j n II CjULi^LJ! 



Ll^v ^ ^_-^9^3 ^ ^ 4_A< n a j^_Lj a i «U. _ . ■ 1 ( 3 9 J J^—U I 

*^i! 1 jl i a i A iiVi \ a ) A o * 1 r.itl ^-lUI LM3J 4-aS-LLa (oj^aJl lT-4^ A 7\\a\ a) xM .- 

UM^JI In ml ^C. J.SL_uJI 4_ljj£ -"it ...-*. 11 j a ■ , m itl >-jl_ ii i -*J I ._4 11-13 j*j 

JSLmJI jJcxj!) djLtaI.1 !*L_i_>.VL j I L^jkU uA LAj_h^>Ti j; - (4jjLI«j_uJl 

.~'i ...-*■ t i jjjj 4 ^:;^ o <ui^u LMjji liii^iuij (»3-5 

^ni-v uA^ djJLaJt 4J j, \ int ^sjju ct jvjL>J| ... 11 tjy ic, k L^lajl^an 

t > i~ A (jj-lU I 4 t (Til ^jmO j-Lua^) 4 Vi iiil^j p I 4.1 \ ifV' ^yA .., iVl 

^Jl i<*i * T t-jljvjj ^ya L<^» 4.t rtiVt illb yi"i a U a 1 1AJlJ I > iuli \4 JI ul < i,i 

f^Ii) Au l& LiJjl^j ^LLj^—JI ^la-m lILU 4_LdLj 4 ^»j4 42 ^j>J 


. ^i-J ' 1 1 i u4tJ a\^* ...C ,7, T 1 
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in >J! Ji-lj 4 jj A jJl CjL uy>JI £jja IjLv 4i^li-taJi 4_i_uJJI dllj 

I Lt^ **"> <J^L*^la I Ml < nj V 4-JL^Jl I^qI^q (J_A C-L^IjVI JlAJ 

Vj ^jL-ujVI ^ in-fcj 4_o-^J^ j_JI l^I _jjo (jV uiiJjj 

I jJ t^ o m**i 1 L> jUa jJ^Lkiujo ^I ^ m>!L j » ‘ t ‘ 

. tjLL-uVl c T Jr> JL*j 4 <_y9 JjVl Jlla 4_> t“< I Mj jJI (jL-uJ^VU 

fi 

{jja (Jj) j 3 Li A L^jJI jl kill jjlllll <jl £jja ^ r jJi ^ If j 

Lj^Li. C-cCjj ^yjl JjaLJLl Lr^“ 3 _}JjlLa 4j1ai a oljUil 

J-Lksl<j! <LoLaJI 4_jilill J^Li. (_^3 j. kvi-ill {j—* £)L3 i L^jI i^xC.] ^—3 

(JjLA I 4jl A« A ClLil^>. ^1 JL V"i i <iL> 4^X1 L-)jl TT~ 11 uLUj ^3 ^ULdi 

CjIjI jVwVI ,J^3 Lc_l3 LLdj_ jUj tiling JL3 i^jjju .3_}j_3JI l_xjIj^I 

^ * 

.jSSVl (jVI ily 0 A^~ l 41-0 1 j- <: LjJI ^lc La}IjjJ j lHTu.ll 4j^jyuJI 


( £jSLdJ\ «l Jjlj>)LJ14-iia 

(9) . - . * 

l^jjjJuly!) 6j-l£ 4-K i“u>a 1 4-La ^yjLiJI 4_L^aL>> n^S>i »H »1^ ^jli-4-> 

La^a r*Zj^\ 4-l^j 4ubL»JI 4jjijL*JI CjIjLlU 4> mi lilljj ^j->.Vl Jl*j 4_Li_u 

*L>.j! ^J 4 % (jyS f.\ jJI I j^j (j^-il j!jl£.I ^L33jIj 4J^ mil «L)j ^—kikij 

U kikiJ^JI ci> mil j_A pljJI ljufc Jl*jj . 1^11 j (JIaLsVI Ju£. 4-l^L^ k^JLaJI 

(JjjkkJllj t LdLc, 74j 20 ^cAjLftA.1 (]/L*JljJi JuC. J ill (JI Jl3a! 

j-±& (jy& I Juft .4 j^jJI 4JL3JI dltl JJu-ai! JjVi 

4jl_k-oVI ^ya c kc,t.Uxi l— u. Jl. 3.11 ^y9 3^^1 j"axa ^1 (jlyv'i/l 

^j£L_uJ| ^ I jJI ( j J a ^ylll IjiA JflAJJ . 4yC LojJI CjLo£ _i_uJlj 4jjJuuaJ! CjLstjjJLj 

aLvj^I (J^Li. I ^1 4 Ac. J £ loT) V 4_) L_il aaII (jl (*•,< 1 i3^_u^ 3 jj—L si^ 

jB 

Lr^! ‘^3-iLi-oJ»l _st-OJ lJj_.Vi<j La LJULa I jJ k4jL-^yi ya 3 j£LjJ,I 

. £>LtJI yjw Gj 4 j 4j 1 i^Vl ^lc 4-jJyLll 4 _ijjL>JI jLjVI 4-3 cl loo 
4JL*-3JI V 4~i~ill LaL^j-uj jjLJI -13j 

jj-A ^j, 5k < till ^IjJL) 4Jajjyll CjI_Lc*JI JlJJlj>o ^lc Sj^LHI 4 aj4JlHj 

^1 I JlA^^I -L3j. ! jJI (j-A JjVI ^yllI CjI ij.y l^Lj^A^injk^yjljjl 
>4 k^> VlH !1 ^J-aLaaj^ jLfcj- l 1 i.As 1 (j)f \ 4jwLlA^y>~»- nil 4 -ajl3*xa 
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^oVl i 4JL>JL I.ili JjjJI »-3_uDJ ^yl^. 3j-lia fjJl jLJj-J Lc_a 

t _ J* 

^-»Jl3j ( _ T ic CjI^cjVI <jV1 ^jajj .^MjlJI 4jjllnll AjCajJI 3^33JI ji un3j ^ jJ' 

^ , , 

CxX3t_» 4 a a <*naj < , h ,VI tjr ic. ^jlxj 4 jjjLj Cil i-i-i-*- (j-* 4La£j»a 4_ul 
^>0 dJ 3 j ^ i uJ»JLj 3j^a*jJU 4-jjwjJ ijjAnA11 

. 4_*j^_ l _uj 4 JLl 3 3jj_uaj <Uj 1 jjJl j_i3L3_*_l! 4 _Hjl3 CjLc.j_>- ^a-> jJij 

Biosensors 4j^ cjL_u1 >ilv^Ju^j L*JJ! I t _^3no j I jla 

I 4 i. <n j^yi i u 4 3 jLn- ClL udL a V 1 1 I £j£j j.t Till < «n jjLu^J I «U_A Lila 

jj-a 4X.j) < i«n a 4_jjCaji^£_y3 CjVj uu X t _ r 3 Cj l <_uL_u_>J I dJj £_Cd^jj • f jJL 

. ^Uii^il Lj 4 3 La la ^ I In m i £.jCj Cijn- > <■ < j^oJ I ^y_a 1_»_u>» 1 

CjL_uL-u_>J I dJj fjJi3 ^ jJ L) jAjl! I . i n a ulajj-A ^_Laj>J 1 JlIc. a 

^ 1^* j>u ^jjl ajJ 1 l-ojI^J! 4 > j % a ci 1^ Li] JLujjL 

~ i .* 

CjI— i_uL_u_>JI o JJb ^j^LaJ oJjLno <jVI j . 3/L^ <iuVi 4 x.j_>» jj)-3J1 

3 -h i 3 /Lj_«-^jVI 4_C-^*» ^yic. 3j j i < <n CiL !^j>. cluaj Ci_xst_» 

<U55U1 4x.j->JI j-LOJ ^a>j,3"i4 (jljJfcJL J I<n"n 3j_i! jj-a 

4_i ^j)l* t > l^-i i^ ^La I < _>j 1 **■ <11 CiL ^\m £jjz jk?! ur^ 1 

* < alJ I ^ 1 jJ L (_/\J 1 *^n-L I jJJ I ^Ll I Cl Luo 


4j^j 4 JLli A tr.jV^ t AaU ^>3*1 jj*\ 

Jj-3JI <JA JjVl ci*jl 4jL^j l_jjC ^JJ 4jj-CjJ! (j-a ^£jJI 

Jjj_lJLIj ^jlS”VI ^ I (_ i La11 ^3>l^-al cJlj 1 a 4 ^jL>J! 

(jl Jj-aj .^JLtJ! (Jj_>. CiL^jJI (j-a 4 jU! L7 _S 50 J-5C-1 (j—Jc. JjVl 

(jjjfc jJ I {_y a Cj Lai L> ut 1 oJ I l^o I a Ijj l c-aj^-u-! h 

^yJJ ^ La-a i^jJJ 4j^lill LJVL> _ J 4^l£.j^U 4 jl-b 1 jJl JjljJ_ >Jl 

jJ-a-^l ^jJI 4 .l 4^ ^yJJ ^Jj_j t Ifrd i<n"i j 4_tC jVl dlj 4_jj^a ^ 3 

4 j i ill Li I i i ii •>< 11 a 1 I 4JX i-ujlj L}L>* (jy-lJ JjualjJI ^_5C l^VL 

j^ylbv. (jl ajVj 4_jlj jJl ^ JlCJ j a«JI J^jLaj .^jJ! tint 3jLj J .at j 

Cl 1 3 i In 11 CLIj jlj-31^1 ^ JlC I 4_ii nj^^JI l_)Lj_i_uVI 4^^JLa ^jXc- {jVl 

1 $ ic ^e_Lj 3^ J La_>- J^lc^ l^t a 4 11 ma Jyj>- LaJ.! ^ _■ ■ ..^"11 4_ij_A jJ I 

. 4_j^ajJI 3/0 lj. j—ii—11 j 3 -ijjVl j! J 1 < 1 * 1 1 j 4j^>ajJI Cil Inl^ll Cj jC>- 
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(cSljj 4jjJJ,l 4^1 m>J! i_jL _i_uVl JuJukj ^jVl j _SijJijj 

J^Li. {j-a dl jj 4 jj^jJI 4_i£.j^/I X y L;r ir. 3j.i..Irv>Jl 4 _lLajJI CjLtLxiaJi ill_Lj 

Cj^L-ajJI <?11 i*LT CjIjjLJ 4_y_Lj_>JI CjIj^JI ' a 1 w ^ w.i.-g.“l.<t i 4 n~i^ A 4_JLrc_i 
CjLI«i c ^-34jiu- lLLU 1 4j^jLlIICjLu-l>JI^ iJj^ it (4^Jli^LliJI)4j3_>LUS 

£jJ £-1x0 jLLd^/I im yiAj Cjlfl jlnll dij jflxU t tl. ...MtSJl 

? 

Molecular Beacon jLiLL u * .»’ oL^L^JI juj^- 

ol— jV! j<u-ui> L^JLiol ^1 j CjljTLajjLj 5 — 4 LkjLijI ^jljTu 

j^Ju Cu> t4_Lu!^_«jjj 4*ijc.j I ^3 4 _%jL_u ^jJI £.x jJc-u 4 t L$_> 4ld>- 
CjLjLuJI 0 Jjfc Jij tjjj A. \ll {Jjj < u 1,1 ^-i-u_>Jlj ^„u>t,Il £jJJI JuuajJ 

^j-aj . ^ ^ £jU* 4jliLxc 3j^>.I ^l^T. L j^t_L-uJ Cjl^najj CjIjI _til £>£■ 

(jjjfcjJI C)U ilr> (j^j 4^ 1^4 Juojj L^j1j-u £jjjj CjLlx>JI lLUj 4j3lj_d 
jjl JLauiJIj JxaVI L_»_^LuiVl JjJL jo i 4, 1$) dlljj t4jjAjJI 4 u£,j^/I ^jljjL>. ( jr Ll 

. I Ju& LfrUc 4 jJU ^C. CjLxx>JI CLP 4£)Lc.V 4 _cLuI L-.«^tej 
^3 lj J La 1 ^ t y| 4.i h^_>JI CjIjL li,I Cj 1. < n 1 < u>» ^^ xuJ (j I JL^jJ,I (j^aj 

jiji.1 JjJuoj 4_jjjLxII 4 j i In 11 j. jaI a*] I jlj_ a CjI.u.i> p j q j (. a ,i^>j 

^ic 4 -o^IjjJU ^jj-AjJI CjI 3 iIn 4_lij^ L^aljJtj—<_ul t .i i _ 7 ^l 4-ul j aII 

JLutD^JI \ rt*ill l- 3 j) < itj . £/\-J I j_CuJI £;lj, \ 4ol>-l jJI j_La—i_uVl 

^^-oLiJl ^.IjjJI 4X.1 iur> 6jj..I*) ajJib Clll J_>.I ^Jl ^^d^JLI tZjl_Ix>J (_yjj^_>JI 

■ jJjj 4-i.i.In \ I j^dLdjJl {jf-A J JLC 4x.Ljjuo p~~ tt'.t.j.Tftj t L^Ibl j[j (jj-ifc jJ I 4 _!l jL» 

iUjLuxa 4JUJ I_t(. citojfcj t \ 1 1 ixa,^ ^La=_>»l ^—3 

4jJL»^j t4j^-aJLl1 4_Lu l^-ti (4^ 1-^ (j^-AjJI <- < i—<_uJL I ^<j.>n! I 1 < n 11^ 

jl (( JLv^i,! jl_i*JI» J.Mij i ii 4 i (j-aj 4 ipe-uz JI 

. ^y^LjjuCi 4JUJ Ld ■ £j~j 4 A_iA ^ jJ I «^>UJI jUaJIm 4Jjfc -A 

Jl 4_i>3l^JI^ 4JjJ.il,I 4 uTi.tc.JI Jj__^>JI jtisl (jj — 3j 

^.Jl (__£Jjj ^_jJ lj 4jj-ajJl £/\_j lj_tiJIj 4.ig.jV 1 jJ^-lj 4_jj-ajJI CjI _LaL>JI 

4jj-ajJI Cj I j j t ij 11 jl Jloi jlj 4ic.LiII 4.uJ.a 11 CjLqjVI CjVL>- Cj ^ JL>» jjo lic^a 

• • 5 jl 

Fibrin ^jj^a^il ^a J^aLuJ! 3jjLa 4 jjjLj CjI ij i~>» Ci A' 4.<v*> *4 jjJI JJ^Ij 

^ y 

.4jj-ojJI Cjllnl^rll ^ t Jljlj ^jJlj ^jJLj «-j<- ' 
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t tiSTt LjULc j 

dj jj iCjLaLcjJLi (jy-4_i-uJ La ^1 jL3tj_d (jr^l OP*'>^ 

4_5tjjj 1 fliUiia 4 j>. I _L-u>a JLJJui J)j i/ii 4-jI i^ill L-AaJI _C £_j_i_ujjj 

^ jJlj 4jld jJI LfriIjJu>- I >Cj 1 3 ilaJ j.i iiU I 

Dj-UUuS fc-xJ-lLlI {jC. 3jLlC. CjLoLcjJI I. L 11J J ♦ (j\ Tji n^VL) (J-Q-JkI I ^jJI <jLj^_ 

IP 

3j^-uaj c_j 1 i*n 11 jLjJJI ^j9 Cj l^lia 4-C^J ls\a ^JSLcJ I 4_u lj L> > »■ | 

ClLoLc jJI dllj <j| ^LuoVLj i 4_J}L>. {j-A ^jJI ^-4_i-uJ L 4-4 *4^ijl J 

Hj-ulj. dJ 4^1».ljJI jl jJL>J1 Ut^"^ CjI 3 iU jjj J^O ^jj-I-aJ! 

♦ 4^ild jJI In i 11 V 3 JU-Uv 4jc_«_ujl tf.l_L) ^/ulj_JuJI ^£Lc-i L4-a 

Jjjs CjLciLl jJI dlj ^1 .)>V~ 111 I ^lc. J£l_Jliil (j^o JUJulJI J^>.j -j-4 

Lbj.ln**. I jjlja (L_njj_i jl 4 Ini'*. i^jJL) CjjIj djJ^- 
(jylc. ^33 LiJU Lj^SLa i4_^jl J 3jj j^aj l a j i 3 aj 4_ij>l3J I 4 -aLc.jJI 3jU ^Llil 
S ^ I 4 U.I JJ ^JlJI jjlj^-i-u ( _^-i ^LJLj (jh^-ifuU 4 J 1 1 jJ I <jljjL>JI 

4 _ill»£. jLfcjl 5 J-LJ& 4 A-ALaAL^ Jji-Lll Ci_4-<fel_ LM *X9j 

Cil 3 jin 1 CjLoLc jJl l_a_jj Lj] ^ In m I 4 j In t“i ^j_4 tJ£U«JU dlj ^ Li t, aIaHI! 

fi t 

4j^jLlI! i-^uLU Ltiajl . Cj I^J, j_J I ^yA t * 14 1 mI I 43j4j 4j^_»Lj 


I JlA i4jIj1Ij 4jj^J,I 4^Ls Cj^ _cLi4 t i aT) CjLalcjJI ^Lljl ^ 

{^2 ^LUI jL^j>JI 4 _ajL 2_4 ^jx. 4flLu3^/L) 


j* t)lj Lj>^SuJI qA 3UL^jU>3LJI jJS3 

tjj-H I IJLA 4 j I JU —a ^Jj VI Cj I jJ i-uJ I Cj \£>j _ilJ I ( 

4 i^-uaJ I j-LaJ 4 j^_»LJI CjI —1 j 1 ~>J I 3^jjJ,I 4 j 4 1 1 11 dj| rc_i VI i ^jA J, j JlaJ I 

4 rtlTiigteJLI jjVI (J3^j JulII 4_4jL3-o Jljje-A 4 3jLa4 jjISLq] ^ JLc 45^_*_l 

oLi_i_jj>Jl I ^jl3Jjl CjjLil . CjI _SjLiaJI L^p^LJI ^j_4 

I ^_4 3jJuLi_4 I (Jil3 4 niAJufl 3j 14 L^J <d ^_LaJ 4_Jj^JuJ 1 

luLj_ij_»JI tillj ^jjLuaj I ^Jj uUjj * ^ n !^_>J I j Cj L_uji^_i4J 1 j Qj l xJn I' 
As*- 1-<_u_4 1^3 3 j J t < 3 jLjj Cj IjJLqjjLi 5 ^y£- (J-3j jL^S I jjyJ] 

^Jl! i nil As*- i_*_tuQ SjLjjj Cj li j. i_>J I jl ln4l ^-aj t Cj 1 1 1 >J' 
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gJa-iiJl Qy 3b ^ 11 ^^9 4xjJj) CjI j^jl^JI c-i-Li 3 jli 4 »ruil I Oij j 

L^Ll —cuj 3^^5> 3jLj ^yJj ^jJ—j L^-4 id)l i.tiaB.U u >jL>Jl 

(j y\"i~) ttiUJ lI 4_3fcJJ_)J *I^JI £A L^LflJ SjLj lLU jl£j 

. d> 1 .., * j ^ a I I y ^JlL9 3 tjj , - a ^i.H 4^LJI 4 CjLjjjI 

3j_$_>-Vl 4-C.l i is> ^9 4 is\ Vlll 4 -Jj^L1I ^Jl>.I Cjy&h **-I Jl^j 

fi 

4_3_2aj jJJJ jJI yA 3lU«ll 4 _jJ^J_LI d»L>-i4iJI gj-ix<aj t 4_uj|^l£jVlj 4 oj \y 11 
lLU jj i Jl 4 I !^_>J I j L^i<J 1 »—9 Ju$J 4 i's\a \1 j_li9 yA 4 3 j9j 

^J^vj di_cLii dJJj^ iI ilijiill (j^a 4Jo^rt-nll 4 ^.aIoV i 4 jL*j>. 

3-Ls jjpC 4 jj_»L uil_ jJI ^uusy (AjJL^VI 4-dii^> II mlSj^SJI 

yA L|J-jI1SLjJIj ^ jjlll CjLj^L^ 4 gj_4 (J_>• I I^y* tiii if i Jl>JI (Ji.1 JlJ 4 l^flll 

f 

i yuDyl l 3 y L& 4 l±aJ& I gill I I Jub ^Jiua-JJ • fc I Jl>J I £ I jlj I 4yl3 pLj I ^3 y xui I 

oLL^lJVl y CjI ^-y 3~i 11 yA 4_ajIj 3 JJ? jla J (jjjLaj jJI nJ^yZ *—uJl *|jJI 

4 ^yJJ jJj JlS ^iJI 4 j^jjSLjJI ^jJaJLi ^jLa-^VI gI a-> t^J lULj 

. ^jlUL Lb^JLic, Ji 

tLuvVI dal jUr 4jaJ3r1 4 nil 4 j<>>lj^Jl <_>LjJI ^jiaAJ Jlj*o Lc 

Jol_jij ^1 glo Jl^_) cilljj 4jua,3ll <—sIjJLj L^ajaIqj J —3 ijJ—*jlj 

yA Cjl 3U 43 ^Jx. ^ (^)>5 ^^1^4 J I (JJj»uSL> 

IJ jjLLa^Vl 4-j>J La^a ^3 4_JI JlII y _ yC. 4j^jLLII 4 _ i^t.a 1 


uLlli 


( 12 ) 


gq ■ - i Hj J^JLII 4xlli^» (^3 4^ JuSelxAill 4 -*- I n’>Vl yA 1 A AyA£.J 


Cijjfjj ji m 

£jj& ys UI Ll>- jJjaSJ CjI 3 j i l^"i yXL Oy i^Ljcl>3 Julj ^Lj^Jo ^y-'/.A j J2y . Cu 

^JljxLi 1985 ^1 sJI lj;y 3 y-fi — (-aJwLcJj ^ — i-uljJ 1 J3 

20 y* i t gjjllJI tillj La 3ji!jJ! t yyy .4_uLLJ1 CjLlaLkJI 

4 j$j I L^-LlujJ I y • " I Jl>» 1 3j-^LJI (jj3 Ltj CjJU&L _il iy^>~ i 4 i tu 

■ ^ jJl .((Fantastic Voyage 4 .JLpJl 4liv.jJl» j —aj 

^ I j 1 4jJ Ll>J I SjJJaJ I (-iljjj ^jllll l_Js 4 3 mi 4 (Jju Jajl^Jl 4jI_JljJI I Jub 

4 y^yA Ijlll lm I y^>- lj->J I (3d>^ 4 j I Jljw I djj I j ^ jj I i ^Ju3J I lILI j 
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Mkll 


(jJl ‘ ^^ ( JT lc. i 4 _i^jcj 4~oal^£. 4_ LjlA 

4jJ>Jjf *Lo JfcJ-<-u5j ^?U- i tl^» ^yjj LlliiO I (jCJ 4 4_jJ_>JI 

4 a Ijuj i lI-U js JLl C.J . j_U_i LfcL_uj»4a ^yJI 4 _jL$JJ I ^3 J-uaj i _^>‘ * 4jLsj - ilij) 

5 4_) J JiaLskj 4_) I li I ^3 4.i*ol a“ U i^>.l^>Jl f 1 i >» c' f 

4jVjjbJI 3j_baL>JtLi L^lJu^a u G. 4jIji^JI lIIIj S^Sda 

< J VI — (ji gI j4 Jij 1 JGjj < .u^ Sj^j oJ I 3 j ^ i~i 11 VI *Ij^ j nJI L c. L&LdJ I 

4jjljJI j-^-^- juu * 1959 ^L*JI tJ ^ — jjLiJI Ljj>-^J j)i^*ij ^cJjJ 

. JuaJIj ^JsUJ I tjj-SJI 4 jI Ju £-A dJj •>■ <i~ jjLjJI L>. jJj i£j 4 rt I 



aj^LuI £-3^*11 ^j 1_JJ I > i^>l.<1 i^jJjlJI ( JiLUI (6 - 9 J J£—«UI 

Lb.o 1 •>- b ^JLbj —lmi j»j^J n>iy» Jli^'il „,y <ulcLbi ^,—3 

o * 

j*. > jCt mj >LJL* . i -a 4_>- Lai j_23-o J^ijj 3J LU t ^_4 l U13J cr La_LuJ I J& dJI 

^Jjls 4 ii^ m 11 'ut. jn m^tL) La jjAaJ 4a}Ull oL-trujj-ioJ I J^>>! 4 _ y J 1 4^o>- 3 J jOj-b 
Ikl^i 41^l»J I ^ioJ 1 v f t) j_) Lo b' j^-i ij-* >4_j_J Lc 4i5_U j^lU I 4jloI 3 I 

.(www.foresight.org rj^odij.^a) 
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*4U I 


4j!jj 3^,.5 .4_jjp^>j>JLi cj^ jtlll ^ <jU H Jlddl {ja ^. lcj 

<LuajjX. 4^ ^ jJ Lai a~ifl>lj "Vj xfl lLjjLk. JiiJ L^jLa t «<uJL^JI 4 1>-jJI » 

iS^SLaJl 3l^L_5c-aj 4j>*JLad i _ T ic. Ijo^jLs iCjI _.--».^4-" tl ^ig->. g.1 .,a UII ^j_a 

jl^il Cj^L^q ljy js 4_lSIj tljLstjV (j^utacILa jj^-a ^c-jJloj J^L>. ^j-a dJjj 

.Advanced Materials 4^j21U jI^U :J1o 4i»ju>J! 

djjj.dgUt| ^iljl (jr fl <Lo,Ljfc~_t-ull Cill»3->dl 4^.1 ii^>j ^Lul t 4j^jjv. — j_illll 

Micro-Electrical-Mechanical ua^j&AI g^i «.iU u Li 4_£Jl£_u3j 
Nano-Electrical-Mechanical Systems .Systems (MEMS) 

4 4>>j 3" _i_od Cil _ tu^Lia 4jB ^ jJI C*2i^Jl 1 JlA . (NEMS) 


jjllll — 4 jjjLl1I CjLuoIjjlJI lLLIj ,JL>oj 4jddSld 4,dl,f".d dJJuujo CjLajjjI ij. u 
.^^AJI ^ i.».^Il J^b^l - Nanobots (jd^j ^Ldl j! Nanorobots cj^jjj 
C oating Laj^LU . »> * l^-La Antibodies 3jUiail dis^a 

(jia.ial ^.— irt>vll j_a LuvjJ3-2^jj NcUlolayCr d a t 111! 4j^jL> CjI— adtaj 

t 

l J_A ^ I al v~f~t, „l yj." a \I Cjld-ikJI did <fU. '“J £j-> Laj SL 4 J 4lLojLdd 
t jja ^ m Til I L>U. ^>Lusjj CjLdtfj^dJl idLtaJ 4 jjjLl)I CjIj^jJ^JI dJj * j 


4j^jLi 4_jjji^.‘i < C| 4_stJ^_C ijr ic 4_u2>L>- ^oI^j l>^ Ufcjd—C j J^Li* 

^j_a L^jljij Lfcjl4..a ^IstjJlj 1.4^.j y- fi ^u .um c*jjj Nanochip 

ji 3 U~.ll j-A 4j-a-Al ( 1 >^J ^^>Tr"ill 5^^ I 4 U «»l^ 

.^_i_u->J| ^yn 4 0^-3 ^j-a c-L^IjVI Juu 4j^jLlI1 CjLl^jJ. 1 did 

( j r icj . <h ^nillj 4 a^U 4 j aU II CjL. uiiBLLlIj CjIjI jd>JI j 11 j j H dLlib 
i (jL^^n <5 jjLLI ^Jdu L^_a I Jila-uD I j CjI hi ^LlXI dlj 4_ij}« i^*> ^j_a ^tjJl 

. 2025 ^LlII Cj^jJj jjLUI 3 , 1 ?* 11 ^-LaJ 3 I ^U".iJLI 4 jI^ 
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10 


jjLJ! 


44JL>ji jji tiJLiii 

l^>—JuLuo LLuLpji I _5j_^ 4 _aLjJI 

(j 4_ilc. j i *. I j— CL ^j- /a 4J J Lijj 1 a 

lIj Lc. 3 - 1 ^^ 1 1 ^j_ /a j y tj c-l JuLlI - udj^o 

— <■ In u —jJ 1 <Lu>Jb I 

— j_j LlJ 1 L_jj>- jJ ^ £j j k> < d d^J _ A 

4jLc.^JIj <_t_LaJL) 4 dl«~Jj (JZjI_^ j j lagH 1 

i3^j^ ,»I 1 0^9Jlj-£ 3 Jllj . 4-jja- j^n 11 

^ a »!I (jI l—^ Juu ^—!li 1 

l—3Ls&J jj.uj J 14 n 11 <i I _1 1 < m 11 

cjLIa jjl —£Jl ^jLiJI ^—Lc. 

Jui! (j^Laj i4 _c«sLLII JjjJI <_j^_*— Zj ^_yc 
^oj _aJl |»J_ cl {jja 31_jL*JJ 

Cy* <j\ oj 

I ^JLjJI JLlLs^l lZjLi^j c-a-uaj 

£kj — clj *1 JuLlI _ a. j ^1 


J- i t i II I I tjj X I ■ ~ ■ ■>■ 1^ i 1] 

■ ~ »l'j<~ a j m,HI ^-a' ■~ill 

3jLJj 4—.^llj^JI J—^Lxi' 
3—»_iJ! ^—l^. \— 

d-g l ‘Li \j J ■<! 4 Ufc ^uj ^ »>M 
■[ L^x 3 v *11 l ~ 11 n 1 ^ T I 
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j ^ (. I JlaJ I (Jjjqj ‘ I Jufc ( j r A I ijr l£-^ . l—Jj -lLI] 4_>J 1 i.nl 1 <»LJU 

(jr 1^. 4 n4j iLii j LjT Lp S\ cii_il 4 JlJLj 3jj)U^ LiJajI (jpVrr i^.H 

.tjLuuVI 4 i*~> 


L 4 J j3 ^yJI LLuaUI ^Jb I j4^ 4 44 II 4j-ua3JI a tJJb U( Lw J^9 i IJ—I 

l£1±Uj 4 a 1 a~i 1,1 1 j /C~tl llLL ^ji 4 is >!_>. jjLUI 1 

{ja i^jljJtJI JyaVl 4 nIt'll! bLuaJiH (Ja. <——Ulj CjIjjVI 


^Jjja 1 4£. I I In 4 ij ^3 


oLl>-jJj ;<~i !! 


£*l—111 (jric. L$JjJl3 j-— 3jj 4_L£.ljjJ! 4_jyJ! 



^Jfc *13 ^3 jjVl jjj I l 4.1a VI IJL 4 J Jl3j ♦ 4 o h V 11 »—jj— y>Jlj 

CjVLUL 4.1.i4aII dilli J I 4_i-aj^aitlll _caJI JyQ 4 £>j Cu 600 Jyo 


CjVLatil aJ~&> J \a ijy 3 jLciu—uiV! {J ^3 4^jljuLll jIjJLI j-xu-ajj 4 jf.ljjJl 
3jL-tlil CjLiV jJ! Jiajj . 4laV-i-uj Jjl i.nVI Jys Ij 4 sajla j 4 layjyU 4 jj).j 11 
c 3jlnj3 CjVLac^o 3JuljJI JjjJI I (j-\ i^ll ^3 (jljLiJ! 1 ^-lIjj 4 . i£jyaVl 

. ^ ^ 1 6 r,>JLt^oj 4 _jj I JuLl I Cj 1_ Tr~i il I ( w-j.i.i4^~j 4£. IjjJ 1 (jy 3 j-lLl!! I — x>>j-lj| j£L 3 

4£j-tli 1000 ^ys jlSl (jrll CjLS^yUI 0 J-A J^LC. Ju-aj ^jl IjLA 

.J &I 4LHI ol>L~JI 


4 filial I j ^3LJI L».y>3S3 

i_1iL c,Lo-aJ 1 CjLrtlLLa ^ 4l~i11 jjLlII Lia-jJjISI j Cjl^uiaj Jli3 

d U m \j, [ | d 11 dhj Jl>J I O lljinla'i.t I ^Jb I Jl>- I * L^j Jjjwj 1 ^3 4 j 4 4 jj I Jul) I 

Jya 43jLgj>-j 4 ILo^LljjJ ^jl . ^ 1 V 1 4_pc_i4aJI 4 jLc.^J! ^JlatAJ \j LLdLl3j! 

^jl c n i nJJLl Jyaj .^LtJaJ! (JjLjj 4 jj <lr. 4>aj>- Llll ^lal^yoVl 

, t 34.4_ijyL]l LillLaJua ijf 3 4j_lL_uJI 1_AjIjT 4 K.i.l,11 dJuA ^Ladj 

Ji\j3 \ 4_*iaj^c. Cjllfl (j I ^J] i LujJ 4 jjI^HI 4^jI JulII CjI jLiJI Cjjl 

1 41-%^ si 11 4 i 4 , ..11^ Qj^-JI B-iLjJ O -0 ‘jLa^VI < a l~i7r /Q ^3 i 4 jJjjlJ! Lu^-t i3> 
|»jJI l Ir>t il^ ^Lijjlj f.1 Ju Cj^j\ II 4 1 i tn ^3 4 a a 5jLjj (jyJ] 

. Jl^JIj i^-jc <1311 4 rr <La^\ -i_u clllli j-pGj k JyaJjJ,! 

4 K /J I ^Ju4> 1 u3 Jj i4^jytil 1 m nIn) 4 ^3 «ln34 j-u ajtjj V j-oVlj 
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_ <_uJI SLj>JI ^LojI CjL) i4_uj_iJ! lZj! u'i?tH jya j — jlS ( _ r 3 jl jjjj 

4oJ 1 Jl*L lZjIjLc, ^Lu I jj$[ 11 Jjy-Lc jyZj-tU L<U4 t^-uoL*_U j)l 4-uJ^U L%^J 

4cLjJL»JI 4jj!^_>J! lZjIj • t nil lZj I j 4 ju^_luJI lZjLjwjJI JjlZ JIajj tSjLuo 

. 4 xj*lu 1 i (j^jfcjJLi 4 i i tj I 


<££jLJI 

^ ^ Nanofood «^jjLjJI *.1 j-*Ji»^1, i-Vi i ni 4 -jjVI i _ =y ^ jl'& 

CjLfclUl c-1 a / ii I Ojlj jJlj . 4^o JLstlxiJU 4JISL <7/1 Cj_iJ lajj t 4_j_4^jJI LZiLp- ( _ r 3 
i Jl^ fll lZjIjLlC 4_jj>-jL>J I 1 ^"<41 If I j L^jLJjua £_uaj 4_ul jjJI lZj^LoSLUj 

Cj^L>JLI ^j-a jJSJ Lc-a t ((jjLiJi L>-^j£lj Cj 1 _ii ji~>» 4_La_i_ul^j Coejj! L^ju 

^inj (jn (jl ^1 4 _ijI J-iJI jl^_llj ^LxLaJI j^oj 4—jjL^tjJI 

djjiS J_Lo t j. LLa-uaJll I-LA ^-x Jl3j . 1 4_usl_>> (j^La I lZjI Tr"iill 

i4 In'*- 111 d-LA (jyi^ _ iLaj j_cojJI j-4 djlldJ t Lv^JIj J- 4 VI 4jj-L*_> 

l_j CjLiu-O <j\J £—«a^EJ ^jJI (^‘*-<^>11 »;ljLiJI (Jj 1 n JL*-* (jl—«^>JI 

(Ji.fl7slj J_j^»JI (jl jJU (JjlA I 4 q tlo I j! 4 _ijI_LC jlj^cs tjr 5 jJilV t l_£xd 

. 4_jj lj_>J 1 lf\j t-4-u 4 <ul 3 (j^*l ^lj 1 L^j 4_ijI JjlJI 

t llik ^_LLxi^iil I JJt 1 . kjjJk-S (^yj] J-4-A-j (jt Ji^ill jya 4—L*Jj 

4 m U H CjI _ ~r 1 In i^U ^ _^-L*_<qj 4j^jlUI ^(_ T ic lL< _jJl>JIj 

A 

j I t I f. I Jl£. (_^ t (_^jJ LU I p I Jl tJ L> , \ i<~\ dj . a Lilu —i-u I ^Lj 4_oj>- I j 

4 4_l_ufcG jl Oj. ig >oj 14 ~r Ijjj 4iilt~il,I t 4 jvL ujl J^.1^0 ^j_a 4jj^^o (_^ 1 ^_a 

^ .i 1.11 Ijufc <Tt "N.) ^jJuJj - 4r- J i~ 11 ^jllll Lajfc. jJlZjLlISj I Jlj~~i _ I iiL -3 

(Jii-a t 4_j^jLi JI j—a (j-fl 4_j jSLo lIjUsLu^I ^—Lc 4jjl>J.I 4j JlC VI cLUj 1 uslj I 

CjVj 1 h ^ llj LiLjJlj t JuJl>JI jya djl>JI 4_jj_LaJ I j-uo 1 1 1H 4j^j1_1II >J1j Ll_uj>J I 

(j_c 4_jJ Ic (jj -It 4j^j^_LI 4j^j LiJ I ^ \ ,.uJL I (Jj I _} 4j_loj^Lj_>J I 

i LgJ 4 _L>.LuaJU cijLajjjVI jI^-«j Omega 3 «3 1 -*■ liIL^j-oVi 

tQ10 «1 Oj)j<Hi) Jla oc. Ln^j jUj Jjj_Jiij (j^JI 

4_lo_uJ-Ilj (jlj .mVlj 4 j>.IjJlI 4-j-^-jJ y I CjI _a-*i ill jll" JJlC. O-loj J_ 


2.6 


j-r n Lit.Li i^LxLa 


700 


, jKl 2006 r LJI <ya plaiJl £\ k2j 
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i(2010) Ij-A cjLliJ. 1 tilij jIjji J ^ —4^° 

4ilLo 1 (1 — 10) JjJu>J 1 jl 20.4 ^_yJj J—uauJ 

l$Ug 4-jJlj i4jjl jJlII Cj belli! Jbe_4 (jr ^ <La, > V“ t nil 4 j^jLUI jljll j^i >1 

.^-uaJI ^Ji.b 


4 **»~t > l1 4_i_il_LiJl ultil jAl tt 4_LLol 1 
^jLUl L^>.^iSj 4 tn 


10) Jj-L^JI 




IjjjLLH sIjI_. 1 -L.i/frJ 1 viL-l7i 

1^-txJ Lili j j < 415 La La. ul 4 ^>-L_u_4J 
i l$3l AOi> ;LLa-ai Jl^Lai JU 

LT $ L^JJ .Ld A _ A ( rtf l,t*1J 1_4-4 

^J 4 t t 1 J_Aj 4 4_}^ldjJl ^oL—uaLqI 

jlc CjLj^jI L^ 1 

dlLL • 1 4 I 4 l_i^U 

t^jl jl_Ja_a Jjju 3jj-stlU lZjLj^jVI 
LiUjj 3 jJl3J1 4_JLc. 3..i , M <VI 


SLLi.tjJl^jLJt JUi»i 




l~ il .j l_3_JL3j 4jjj^->. j A 

^_yjl_i4 j^Hv. i j£^3J13jLd ■ a 1 jjLaJL4_jjpl.j 


Z? 


iKoL_ 




^yuSi\ 

4-U i -L t! \ 


. vijljjusjjLj 5 1 1 ^j-q \ —AjLLa^f 


JuJljJI vZj 


klntrv t 


LT^ 4 -^-n L$->j —i 

L 4 J p —l—J^L>. ^ys\ —L-alfii 
. 4 ^Jx-LaoJlj 


4-^13 


L?—^ lS> 


i jLtji J j—jJljJI 3 la! 

I 300 j- -^g-i 1_AjLLa^l 

j I 3^ **< 11 4 i^t31' j_La ol 1 j t>• 


injl 

4-ij ' -L k M 


>jjl_3c_iVl £_ jLIu <Zjj 1 

3jjJa ^^oUl jl3aJI ojj->- 1 
^^3 4jjjLIJI 4 CjI tjt \ 4-3jL^ ! 
\*j£\jl irtjaLSLdj 
. 4 a 1~4 ■*■ 1.1 ^ \rt ml ^ 1 C. 


10 L^jl 1 ±t> jl Li41 ji_JUi ,3-^3 

fe^rLL) ^—a (jVl rfc-^G —iLojjlj 

la.lT'l mil ^Li 3H Wjljj! 
<-ili3 i_iUu^ • ^-ilUIL 4 jJLC.V 1 

^ '•■*-" ■ ■•" 4 j ^ir I i j r B Cjl,ij t,>iH 

:3j, jUIj ^r. jla,U CjIjJI _LaJ 

j q laJl 9 ^ 3 '3 l 

^n/i t_LUj^ mJj . 3jL»m 

iVl (a>7 lc 4 3 i4j 4_i^jLj 1 JL 1 1 .11 ti 
4_lL>.I jJI 

JoA>Uj -Ujh-lJ 


<Lo J.-n.~u.u.U 

3^4^ CT^ 
2bJtc.Vl 
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4U$jUJt Jljll 


^laMjjjUJl Aljltgljfrai:Lai 

gUtXt4-ju£^j^fe 


giatyj 


4_jjjLiJ 1 l£jlj_ 


J-4-*X 


d % i. s-\ 1 1 l~' jj ,‘ • n 4__j^aj ^_Lc. 

i 

il_l ' ^ ?r d 11 ' - u Oj {jA 

JULo L^j 3 j^>-jJU 4_caI_j_u_U j 4 _jjjLl1I \ *v j 1 j .»H uLlu> 

ol—Lj^v £.—La ! 4j^a3a f<t —CJ —9 4-^a l V ~i . ■■ 11 

lLUj — 1l>- \ (jr 3 (__r\-3t_i ^ I | 4^1 1~ Ljr _3 4-fl J-jc" i-u-11 

ijr Q _ujJ (_)A^ ■ >^J 1 j) 1111 j .4 jjIjJlJI 01 t r\ i U j jl^II 

^3 j -a_»JI 3 jL_jj 1 

4_^i juJ! r r,i\ \ 

. c ja l*i H j oA - t-tS^ \ fjA L^jjLvjv a ' 

4jjjLjJI t_j_i)lji > n in^C" 

Ajl a ! i"< A 4_dj 4 Jj I CjI_LjI£J1 ^j£. 

* <*ii~ i iiL) <_lD a i y t I 

L_ijv. I ts\ 1,1 4-^31 lull l!j\ -Luj^-iJI j >-1)1 m> >4 —jjjLJI c_j —-U Li I 

H> L) j^-cli \ $ 4 a tlf> VI J L ii 14 j > a l~i 1 > 4^o jjtll I 4_dJ Ufi 4 _j^j LiJ l wiJ I 

elLlj^ . 4^3 j^i->«J, I 1 

^£. clJJjj i -I_aij ^L^XL) J-l^L) 

Ui-vliAll 4_)^J I J)—| 

. ^cjj > 4 1~m_i I | 


4 11 *~i j 

Jl^ll 

4_ul JljkJ I 


. ( I^ZlcjjL) 50) 


L ~* '1 ■ .1 1 I 

4jjjLiJI 


&JlL Lm *1 jlaIi 3Lt u |%51»wJt 

^3 4_o Jutj—cull 4 <ij4 JII Cj 1 j i rt"i 11 j j_)LiJI ^ 3 (JjL^JI ^JlSjJI _}l_3 

I 4 ] j—II I^JJ — JuC. 3jUI ij^±juj lJj— 

£j£. clLKl^ i 4 j JlC VI ^3 4 j 1 %.I_iJ 1 cl)4 _jjjLiJI 4-llJI 4a 11 In! JiaC 

i4j 4jjj^j£-iyi CjLj^£[ _i-uj^SLxll 4 jjJc>JI (—4_jJo^j 

i ^ • 4_u I jJl! I J Ij_LI { jyO (j-UiAJj c a.Lco^j ( j-o !j— C. I ^3 4jj jJ I 4j—aJ 1 

Lilljj i4jjLC.Vl ^.j /1 n"i lZj! jl <tr ^y3 ^ ^ ! 1 I _x A ^ j I j«aS 

j 1^11 cj IXj^jv ‘ ^3 4»L>-1 jJ I jl j 11 Cjljj Ljujj^j ^5Loi~! I _c 

4al» L$JLioJ I .iljJ. 3 Jl_uLo 4_lsLx 4>] j-t^Lic. j I j"i X- 1 j 4—jjI jJlII 

I j-±>* I Cj-4 Jl 3j 1 1 j—A . lxx 4 jj I JljlI I 4~i 4 jJ^->- £. —3j La-4 t a IJ—*J I 
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|*jjfellI <1 _lil 4 n-ii^ViII 4 _ajLIVI CjI£^ ilJi ^j-o 3J >. 

LfcjLLxfil jIjuI Juijli V 4 jj^c. (j-a CjLbLloI jI^jjI ^^9 i4Ji^jL>JLi 

L7 l£. > t I Jsy 0j*JJLU3 Cj Vj-cu-X 4 P j j A (j^jj 1 j^k,J>1 ^1) ljM_4^jl-j 30 

£J3j (_p3jj»j Cj 1 Tr~i 111 0 J Jb t al ■>."» t ((_Aj CjLI^ allLiia JlLo 4 _ij1 Jjl Cj^LaSLa 

t) jJlH ^jJJII ^jlLd jl (j^J j-j-ULJ ^ JX.J k4 _xjI JjiJ I 1^4 a 4 

V k 4 J 0 j)a ^ U Ll>Lar*ilI 4 Uai -w j |^ ^ 4_LoVI 4^i A jJl La_>»VI 

^ j» . * 

O-a CjLsLusVI lLUj . 4 j **■ Jua I L^J^Lu JuC. c_^j. _uU 

jjJu ^ jTi o_p*. i4ijjL>JLI ^j) Tflll gj I i^aj ^LLa.3 ^jLaLij 4 j^jLl] I j>l 3 —U 

. 4jIjJ| CjLj 4j>*j_i ^yA l1U3£j t^Hall 4 jjIjlj»JI 4 aj 31' ^ t <i_mj 

4l1s>j^>JII <aaLdVIj ^piLsLLajJI Jpl^j ^liul *—_«i 

i^l.«.tfljl j*_La o_a I _L>» 4 LlLus <_-*_l^j (jr l £ ’ <LusL>> ^JjjI ^Liil Lr^! 


^ ?r m ^i>g 1 oi j 4 j . 1 j 1 3" n 4 j |Q 4 Vi (^jJI 4 —1 kuii jJLLj 1 a 1 

JUjjK (_yA 4jj^JLJ I I LLo (J ! lIU j . jl- jLaII 

1 lIjIL j 10 3-=t_» ^]\ LAjLLi^ I jL*_> I Ju-cxi ^~i:>- (^LlLxJI ^_La) 

(jl <.i>i 1 1 flT U—i-ul 4jwl-i_u-a 3jljj 

kdj1 1 _i 1 >JI dill] jJLII ^1 4jLj ^Jl 1-4-a 

. .k.U 7C-1U t>a ^jJI 

<• 5 ^ . c < 

4-a J t-~i faitU CjLloj_x- ^l_3e_x I j- * ■ i 4 1 ,. 3\ J_i_uVI ^LpLj 


^1 <-_£JJl£j * Jl>. JI ^Jl tSLttUj 4laj)3^ 11 CjL^L>JI 4^LL-cd 


(jj) * i~J jJ I cillljl J_4 jl ^£L 






-L-U i III 


^^L>JI ^j_a 4-usli* 


.4_uoL>- 4_uIjl£. 




LcIjjI Lijjjl 4UjA^ 1 1 4 jJlC.^ 1 4X.lino CjI£^_ lL ^Jl>-| ^IUjj 

kMayonnaise ^jj^jLII ^ _u*jL> 4J3j^_jl1I a i^li^ll ^_ya LusLx 

l^LLd^l — a <4 ji AjJl ^a 4_ LiLa 4_j_ lmj 

i\jjt ^4jjj . ^IjJLIj (j^UI kjJSl—ilJI 4_1~. ^". 11 t ^_jjjjLiJ 4 j ,. V j I n**i 11 

k>Lxil kjijjjj^jLLI ^}\ ^L^lU oj^JI cjI^JLxs Jl julu-ul Cs*- 

lJiJGj 4 LU {_yA 3jk>.ljJI S^LxaJI o' (jr^! • 4—_ujj 4„aj4j 4 a 1 laj ^^laJu 

I^J (jy-Liu IjL—A opi i4j^jLxJI _iL*_)V' lIjI j H20 CjI CjljloLa o a 
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£yJ* 4_Zll3j »~>1 a 1 1-. 1 3L_LlJlU djLjJJ-^JI eilij ^J_A 4 _LjI_A ^ ^_I_u i. 

La-a tO-jjJ! djLxak |>l jJfcHml ^yJI JL>J1 4 a^a-LaJ 1 J-Aj tdxjjJ I 

. j-j_>^jLjJJ 4 jjIj-3hJI CjIjjlj-oJI Luol a V >1 ( _ r jju 

4jjL±jJI dJjjjJI Jya 4 a 1" V a J-Jjj! OjIlS j_La (JljjjiVl ( _- r 3 dJj-^Ii A3j 

j !jjs 4j^jL dil mi~»- (jy^ 1 lSJ-^- 1 o ^—L^j j^U <LajJfcu—*_JU 

4jj^j^Sj j JU^J I (j^AjJI djll>)yJ 4 ^>.jL>JI i »Vl t rtjlil ^ic J-qju 4_t-aLi- 

. l.^.i^aLua'tol I ^a^ju 4jLjJij 4 j A,C Li idjjjjJI dLLj 


Akilillill .sl^X 14 k i~ij > >jLJt Ljw^J j*iCi 

^ufci Jl^wI i4^jljL*JI _iljJU lJs — j\ *~j 4juiJ jjy-3 J-jLlII Ll>.^JjjSLj dJ 1 Axiiaj J t5 

(.4^ ilt L^j JjljJj 4 jjtj-iJI djLll LuaJI lr>^ 4 -jjv^Jj jSk1 1 djj 

^1 JlC £J-La 500j 400 (_J-\_J La ■ L. i 4j-U>J 1 11 i **.. i-^. > j \ ^ Ld 1 1 ^ 

4aj1 JLtJl di 1 j i a 11 dikj_d ^kjjJI i < v~ill dill djl j I fl~) <k—i_ul^J 

4_ijt JulJI dll joaJI Jk)^j La£\ (jjyll 4k>-j3jklI L^-uol^i.^^ j_^->odil^i£. ^jinaj 

4^lj-a LT k. ( J^ajut SjoaJLj L^j_ujk ^£. Nanosensors 4 j^jL dil —luLo^j 
4Jjk4JdiL-ul i-u^JI &JJb JuLjjtckjd^ill^l JuiJI ^1kn4^>.jL>Jlj4jl-vl jJI 4_Jl_>JI 
ciilIlSj 14_uI JutJI _}!jJ»tj4 it tlnVl _3 jX.j idjL^l_>J! 4_Jl_>. ill jJI t * ".Ij*C tt 

^1 4 4^lj idil^xtJ uiLi^l . £fJ-lt j^LLa (J>“l-5 <j£La1 

(j \jJLl JlJ j> j j *" l J r £. dlljij t^yjl jutJl ^lUL a jl fi*\ \ JoLkl 

JulC. dU jj i4jj! JulJI diIIjaJtjl jjk-l JLJ 5 a. i 4d ... 11 <~~it i nLfcgjr 11 4 jjSUI 4j^jLl!l jIIjJLI 
ijj^y/LjoJ I lIIIj ^ 1 1 . 4_uj^£-lI I j I 4 j |' d U < ii I dlL I 1 * < ii 11 a I 

,i \c. 4kjlkJI L^Il3jj I^"ij iuLosfcjdjLj^LilIj LjmSLlIJ dilijdisk ( J^*~ tjr !iJI 4 j^jIDI 

. 4jjj^SLJ,l ^\ 4j^jjSLJI djI^-jS^IiJI 


4 i5Lfami!>Dl >>UJt 4alf j 9 

4uA ^k 4^La ii dj 1 Ail~> aj.jda 4 jjL a i*\ tl diLS^__dJI jj 

4jJ lC.S/!j aj_?cJJI c 43^liu ^ 1 '>•"■ ■ di_4 uJI 4aJ>lPi^a 4 jjjL 4_j kct 

^,1 mUH JLuaLuaJI SjsLa ^ya 4 _jj_»L c_j _yi L I j! djl i j i>• . 4 —>-j UoJI 
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431xiaXi 4 jjjLL]I CjLji^LU lLUj Ca3> i4j 4 IjaJi 4 _j _ti*xVI lLUj jJSJju 

JLl^SI JI i/i Tr j < V1 t-l) I jlx jjj. 4*JuX VI tiilj Ml O J)ix ^Jx. 

4j_jJopl ^Laj 15j) jail J^lj ^jUoJI <l\j _ jjl ^Jl 

llLIj 4-h)3j Lt Lc, (J-oju 4-iJl aaL^JI oL_lj->JI Lilli (jl (^JJ ajUdVL. !ju& .4 _jJI 

i I -illI e-Lul ^3 (. aljJI jl JjpwJI ^j-43 4 3 j4jJI 4j«uT VI 

♦4L^1I 3jI j ■>U 4 iMir VI 2 l«jLL« qj* I i^jl 

i < il JLL ^>UI (j-A 4j^jI_j CjL^lp^a ,jVI 4_iB jljj ^ J II OiSjJI (_y3 I j. 


4aifcJ lIo.^ (3j} ^L.II 4 xjlLdVI >^/axIjjs jl 4_.ixjL^ 


LfcU 


^Lul _i_uj 4 jj£^o jlj^a l*LqeJ L^o *4J>Llil ^_l 9 (^9 £j-djjlj <jjjJI 

djL^Ipill l *1 l*i <j1 1 LLa jJL> ^Jj^>Jl q-a .(pDjJLlI IJl^J 4^q Jiir" Mill CjI^jljJI 

lL)L*t.~i~4 jLajI <^3 ^ au .11 pjj tCjlj AJ\ qJ* t_-JI^3 {_yc e_aJGj 4 j^jLUI 

L^Lul pb 14jp3 JU. mi 1^1 Qji 4 3.1.V a 4 j^jLj Cil m i^v tSjv » L**l mi a 

tolj al.pl l_JI yil d j ■ ■■ 11 diij^.-ar.^ll J)lii LAjI In41 (jju^lJLo LJ 3 ^ ^Trlllj 
cIjIjjJLS lZjIjojlII l£11j ^ ~>»1 J 4^.jl^JI 4 jjIjJl 1I 4,<nlnVl > (n <i~w u Lc_4 
♦ Llilj.jjal ^1 La^Jq^o j! 1*91lu Ij-Laj Jjl jl 1 1 mi 31 jl ,jjJ (_y A 4_Lp3 


ifjjpSi iti OjioJI (j-4 4j>jLLaJ! 4,4itf->YI In ml 4 jL5j • 

d yj 1 U>11 4_pl jJl!I obteliU ^y3 dJJ jjllll LxwjJjj£jj i4-~ ■ ,m 

Ll»ljpj>Jlj njLjVl till—acULa LiUjSj iLliljl^ua^Jlj 4^ljjill t^j^tUI J "id 
4 _>JLjl> 3 jj— jc. tiJJjj «4 juj. . ,.mJ1 CjIxwjJI —IJ 4—iaLupVlj i 'j —pJlj 


i3j^aeJLl (J/uiJLj ^ V 4^ La jua 4 3 i4j 4 3 j Ini 4 *>.jL>J1 I $r*- In_ lm\ 

4jui_uIj Cj 1 j i 3~i 11 ^ut) I Jl>- I 4 _i 1 3~i 11 ijjfe Jljuj . l1» IjJloj.) Lj 5 {j£. I^om ^J-3 j 

CjlpiB 4JUo[j 4j>.jLLrJI 4 -a.t.lnVl >Ua^- JLst^a ^^ j*l Ji^ti_4_uVl^ JaJbOll 

4jjjL11I <2i\ 3jinII J-buj - 3^jjJI ^Il9 JLju ^7/.^ I ^3 L*J 4—*>-^LuaJI 

CjljLiJI l-Jj _Ajb <4pl JjkJI ‘~>l »‘il Ij 4 mln^U 4 jjkjL^JI ^_La_<_u^U 4aU II 

I^jlJL) 4 0 «LiVI ^_jG ^kjx (j ^ < <*aj LdJjJ i4_^aifi>Vl ^-La_ t-u 

^jj L*jI J ^UL^iVlj 4-jjIapI jJlLa <4Uj^ll 4 _o*jL>JI 

,4jp3 jl f.1 jJtll 
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4j^_)L) J I^Jl j !-r* LlC. L^jSu ' 3 1 ■ ..<S\ \ 3ji jJaJLl 4 _lS! jJ I L~ii 3 iLsll j j ^ " " J 
jJjLlj JuX. L^jJljl IjJ *(jL_u_>Vl £-a Lj^jjv i 4_al_i_o ^_xC. 4_Lal 

(JlLa i4 3j4jJ1 CjUJoJI dill] 4 jj£LI! AjjjLII ljLll?J I JlJuj * ^jIjliJ! g “i /11 
Jj i iTi02 Liu 11 Jlx4-u^I ^jLj (Jjl« CjljloJ! JLi j. nl£^I ^t ,jj 4,i ^ aJI jk 

L«I juicj_i_u I ^ k^jco jljl! iCuO -lou^ij ZnO dij^JI 

2)-a ol^UI Jjl-S > ( j f k L^jjJlaj Jlj _i_ul£"Vl lLUj CjI uyh. j-j a~~J . <Jl_3eJl1 IJLA 


LT k k ^yjJI CjLjj^LxI! j -v jj 4_ajLaaj t Ij^VCpIj 4j^iiat 11 jlj—II 

SjLiiVI jJ lj>uj ><.h3>i.lI Cjljk (J^Li- 4_i3l JLiJI CjI jr~iia 1! I j_Laj_«Vl 

jj-ojjLj 100 {jC. Lfcj 1 La & I jLul ^Jljuj V I 4 iixdJi jk Cjitii'*- (j I 1| 


Jjjwj j| JlC.1 i <1f 1 »^l*i I dUjj} i ^yj 1J a J*v 11 (J- C. LfljJ I (jr 3 s>j , ,K <XJt Ij_ lLj a.~iJ 


^1 L^J^o JLC.L i-uJ La-4 14_xrwjL>J I 


C^k SjjJI 


. Cj Ljj^£LjJL IJ *. Lui 11 3jjJ_Ju i4_lsu_uJI 4_jJLc. 4^un4 CjLj^jI 


4jS LU I I j^4 3. UJL>> ^l>)i • 

Lxc. Lua^a LaLuJbl 4 jjIjl*J1 CjIjjjJI 7"Ljjl 4 i*n ^->"11 oKpJI ^ 

^ajj , In li"*- 4-a jL3t3_ml I 1 ^jjlj-3JI {jja L^jl alia ^jjkj l j r ^ 

3j_3JI ^yC 4 Ml 3) jJuflil ^-k 1 4 rt 1" VII 4 ajI JjiJ I JjI j lJIj 4-ojlLdVI 

^jjlj_3JI jJij iy* 4 * L^JjkaJ 1 4 OaUI 4_j^LuaJlj 

JjI JuJI (. LlJ I 4 Uj-*J I ^ JlC. ^yC. JcJLlII J. i 1^11 L^oJojJU 4 l~l j 

4jiLuoLi dk_ l^MjJI 3 jLa 4 j^3j ^cjj k—9Jl^JI IjlA 3 ^ > ^>*1 . Jill' JI 

( j r k Ij 3j_3JI l Lgj I JLAj i L^jJI JLuakaJ I {jja 4j^jLi Cj \ t j i ^j c-u ijL j I 

J^I^L, dal 3 ~l>-VI ‘ j~ . ..V ill ^JjlJ-3JI lLUj . 4o^.L^.jJI ^Jjl 

k>3 a 4_d>d3klll (J^l_k ^jLjJI (jjj jj^a 1 ^l>»lj 

* lj-^i 18^16 2>-a 7 -jIjjj jjJl t ( 3h (jjJ {jja 4 ajl i n JSI^*_uJI aL3 j 3jLj 


^jLJl ulml'•■ • 

Lr ^> 4iJ Jj Of. \ 3^ i ^j£kt 4JL^ (_pL_i_uj 3 JlC. Jjllll Ljjw^_ u3 

JL>. iSj^aJI j_33^>a ^Ijk (jLa-^aj (4-oJtIaVl 4k*j (J1 y a 

4j^>. CjI— ukx t ^jUj~ {j£. (—3Jl^JI I JJt 3-><I .oLj^UI q 
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«Cy L-dl {j£L j-jj-dl (, a .h^ 1 f Jjqju 4j^jLj 

^IojI (JLjc^q m i^V~ll cl .a la II d Ju£J_2 .CjIj^Ls *!j—iJl 

Ll^L_uI Lj^La cl_i_uL^ij>J 1 ojuk guaj t L^jLtj_Loj 4 j jlc. VI3 -^?* *J 

4-iy ^L-o Jus JaJL>u ^ jLxJI C 11 g*i m 11 ^L" < »j t.Sj-> i 4 _ajI jJlJI CjIjjjlJI (j7 3 

lj-Laj J3 4,j.i.,ulr> j. iC I Ju-ojj L$j 3j£jh.jJ,l 4 — xjS JljlII 3jl _ 11 

^3 yjju .! 1 4_Lky. VLa dljj ( lO .* AHjLus] 4. j *t-u,i ^al *L1I 

. 4JL>*JI o *.la JLU 3j.* j ** — 1 jJI ^Lu^J 1 


^llaja [±^j3jj£3 

ixcljjJt OLjjL^^SUI • 

fjb t Juy I 4 j r I jJ 11 CjUVI 4_ajl_3us ^3 3LsJl%j—< dl Cil, 1 j ill 4",<.ar-u.^>l 

illCCuil ^jl Jljlj l± 1_Ijj i0j-LS>.'^\ 4jjVI (^3 JJl3b1! 3 yAl\ j_— jCoIj-II 

La^IjTj ‘(jlj) jjJIj (jl iy >Vl 4>i^> ^ir- 3jLiJ^tI L_*j!^_ uG Cj L-boJij 




( _ =P J] Jo-aj CjI, 1j jll lLUj (jus 4s><^ Cj1_u>*S fJL*J! . 4 n ill 3juojJ,l 

dlaJUj 4_i^cll ‘C*_^l3 ^jJj L 4-4 4 L^j— t-u ^jL 2.5 

. (jl^j^iJIj (jl t <nVI ^3 ^ A t *U1 1 C) VLv 4, : ,<.4,g.> £^I_AjjI jmJ_ *-uJ^ i4udj3-JI 

^J1 4jjjJl J i nr Cj L14 ^ j I ( jr 3 4uajJtj—dl ^LjXI t < 1 < >nj ljuA 

(j^a 1 1 An (jyjJ! 4 4_j^jJL 3jj y^Jl.1 Cj 1 1 tul 1 4uJLl L—t-aj dLxll dll 

d)j 4_jj_ 1 iu<a 1 1 ^11 Wi 4 jjJ]J 1 i^ya 4jlA_dl Cj 1 3 1 tn 11 

• l^Sl j 4d^>Jl o\-d I j I 4 j3^j>J1 tfldl ^yA 4_jjj-3JI Cj l A tlr> 11 ^Jj 

cLjjL<m£J 1 Cjl.n j-v j. _ ji 1 <aj JjlAJL jjLiJI LxyjJjjS^j Cj — LyJ J3j 

4^£.ljjJl CiLflVlj CjLjJ^AJIj Cj \j < ay 11 4 ^~4l£L>a ^3 4us, 1 Vi < nU 

^LAjjL) Cj 1 lj ,l>% ! 1 dl~> yytduj . jj J J1 j Cj Ij LCl Ij 4—j_pJ 1 t ^ —jl! I 

cjUSJI a atjj L^jS 1 ■ I Vi < u 1 Jdjjp ^yULJ Lqus t iu I 4_y 1 < ua 4 a A 

.4_u^dl 4 .^jjl 4 J1 jLiVl 3jl d j IdLij . V$1a 4-4JLMill 

I jjI —1>L <Lui!jjJl CjLjjUdU 4—adU CjI^—CJ l ^j3~ij 

4x.LLud ^jJCCuJ <- «jy ^CsjjLi 100 LfcjLL^sl 3 -Aj t4j^jliJl cLu-jjyJ 1 
Cj13LU1 4jJjuj 4j^d 1 . L j 0 mil 4_uoL>J1 4_uL^a-i^J1 Cj LI sCi. —dlj 
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4j Loutu 4_ua L>J I 4_JLLtJ I Cj L_uL xml I £-« Ll ."■ Lcjj 4ouij . 4 _ajC. IjjJ I 

^JLat-d 4>a JufcT< < *J>1 4in ill 4jjjI_I1 I Cj l m i *>J I 4j_lsj ^j*u ^L>uMl I Ju i 4jjjJI 

i Cj Ij 4jJI £jjQ 2>j. J t UT> CjMJ / (J^-ljU 4_i£.ljJ-II 4 _J^jJ 1 .l_j4 < iiJ 


JU£. jl 


-Jj I JLa 4.13-jL>. \ g i njju JlIc. 


^ J—i 


-C-LJ 


Cj LajjukJ I l^-La jilaJj t CjMj_ i tu£. 11 dlj L )l~>u .V )c j . ^£^1b da—i_«^J 1 ^ 


. 4_iil Ij^Jl 4 j^CJ I i_<_i ls \jfcj LAjJ Ju 3"i I L^Lv I Ju 3 JI 4 jjjLl! I 

JLseJLI I JlA 3J_Jjuw LbIbT dJju jjLilI Lia.jJj_i£u Cj _3tCB UBj 

^cjj CiMjj-udJI {j-a [Sj-^ I ^LuL> 4udj^JI CjLjjI a J1 CjI£jCL ^^Jaj tS_i> 
4 uj 1 jijll CjI jjj> £j^itj 4 ■ im (jy ^ L$-al—ui4 jllaBl jLxjI ^S^tjJI 

i Cj Ij, . Mi*>d Ij 4 j£.Ij^JI CjLbM-J 4>a^L3_LI CjLlajjvJ I jt t CjLJ Ij 4 u^jJJ 4_) J-t.ll 

4 ais\\ Cj Lilli 4 jL^>JIj 4j JuljJ I jBL cuj < 4jj m tt 4j 4_«_ujjJua 4 j_l> 2 j Cj V Julaj 

^j-aJLJ IJ-A . 4>a J.Tfcj Lxtil 4 jj 1 j 4j*v H -iljll 4_j_d ^^B 4 4jlj 

L^jJI L-fll 4 ujLla & jljpa 3Ju4_i_u I l jja lJlJCj 4j^jIu CjLlj_i_>. tLxjLj Cjl£jdJI 
lJlILlJI CjVjjjjjSLII dlj (J_>-1J Ljus l^llii~i ^JUJ » CjLb'V I 4_rtBl£L4 CjI Jux4 
. Jl^Ij OBj ^y3 11 jl_) l^U^rj Lc-« t 


4^ IjJJ I x^U i*l. Ludi I * 

Mu l_A I. Ld,4 4 u£.Ij^J1 ^J-lj .o L>d I ^ B 4-i i~.l I 4 j JuJ. oTJ I ^^daJ I ^JlLou 

3Ju.L At j^JaLllI ^y3 %50 jjyJl J-ua_) i L^Lo 0 — J-^ .‘"‘J i>l — j g 11 

j^LiJlu ^jju 4 j_^jJI 4_>-^_La 4_j —i_«j ^Lajjl 4_Ic. ^cJeJu Lo» ‘3jl^—>JI 

t^yh j. Xd"JI j iLl]I Li^jIj »1 o If ( j C. l_jjlj ^cJj . ^o\__l%ul 

JjaJU 3Ju^-B 4-3jjda _ £jjI k±*_p- 4K_Cill dJLA J->d 3^£L_us Jjluw j_Coj 

L^jLj^uw J JL*_4 4jjCJI j^yJI <?Ldl ^J^ 4Hj—i_u 13 VI ( _ r ic 

jL^llJJ . ^SLn-« Jl>- LAj^_U CjM JL»_4 J 3 ->~1 ( Jjw j 


LT" 


. 4i» Ij^II 44^11 i> j _ 4J ^ 1 j3U jJt/O < rt ds^j _Lc. 4jflj^daJI d j - A 

(j^>~i"i * 4 jk i i IraJ 1 3jj^.jll 4 jjj1jJI ^juLall Ju>* \ C*jJ^J^-II JL tjj 

i. i f I ^-4-i-u JBj . (j\ tt \ i i^jjjIVIj yV'L ‘ “■! I (jy-A j-usVic. 4jMu 

jLijMI 4j^j1u Cjl^stBj 4 -ojBJ ^1 ■ ■'* {jja lJlIjII t^jJLiil Ijl^J ^'x.ia —«_uVl 
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aJJb t'.lil —lm I 1 jj )<LaJt>- * n > J-iLau 1—aJ <JjIj .nil ysTi a J <jl 

t4_i£,!jjJI Jj.t-3 L>ul I j Cj 1_jLuJI JLstja jjj 4 a^l1 4—jjuaL>Jl 

(^jJI Ji-xa lj,u£ Uj >- 4 4_jjjJi CjLlj-l^iJI lLUj £. a-s jj 

CjV JUL4J L^JV Ij^l 1 ci-Uli - 1 » I 3" \ .A I a\ . .. t 1 L^KLlA I J <La JUfc^L .nil 

. 4-tflljjJl ^^^udIjVI 4_tLiiX. 4alju_i_ul jJSjj 1 4 ^ j Ln) 
J'laTi *3jji>"ifl Ljlja « 0 JuA j^jJI 4_ijjJ^ £j^jj La ^—JJ ^LuaVLjj 

aJufc yz .J j.3,a 11 ^j^>j a V3 j_ a 4aJL3t3—<_ij.l ^_£jJI tfLua uW 

^a>o Luajl L^)Ls .4j>k]l L ]__>-1J ^J] ujj 1 n~i 11 j I jjV i"lli 4jaujJ oLj^£L!I 

: 4-JloJI Ujil 


. 4_aC. IjJ>J I l^r ai-1 JLj.>> ja-J — 

. 4jj3J! 4 jJL*j 4a,V V3 i-JLI 3.1 a < <iVl S^La^ ^ < .1 — 

♦ Jj-ua^J.1 4^>»lajJ Sjljj "~ 
. (JjjlaJI ^Jlil lflj.jg.jjj 4_jj3JI 3_ljj>* (j\ i u ->.~i — 

.4_i£.!jjJl 4 jjjJLj 3jj>»jJtl 4 -um <H 4_ljI Jl*JI j-^>LUJl (jl J. 3*4 ^)jl33 — 


3-il^J • 

4 L 5 L bjig. .Molecular Biology Lt _ 1/ k *JI 4 Lp.Vl ^ic A Ac. ^ ... 
Lflijjjj 3 jlx.] 4__ljLtaj .4 _lj!jj_>JI j 4-jjLUI CjI LijkJI 4 iajflll 4_ JjLsnJ, 

i~>1~1 1 >H ^—1] 3j JjlLo ^a !j 4.^1 is~>\ ^_pj t—Jl y. m/H ^Lr. i 

^igj . 4 jSljJJI CjLaelilJ 4X-1 ii^> JL_sta {J7 ^ 4-aJiitH— ljJ.1 CjI_ 

^j-a 1 ^ l_a Laj! J ClolS L^jL^ Sjl _>JI CjVjLj>J, i dill ^ a ^_ £.jJI 

L^aLatjJlj jjLijl Lo.^] jJS[j j-aj .4—j_LaJIj <UjL3jJI CjI 1 3« 11 

OjI£ 4j^j 3j-!-L>. CjI—- uLajj CjIjjI 3j \JL Cj^Ijj .4 jjjjj-JI Lo»jJj ifcll j-—a 

jjLiJI Ljjw jJjjfCj Cj_>»IjI _Xa4 . d_13 4 \ 

CjIjLjJJI Cj l.li.>. j-a Jjaltill 4_i^L>Jl 3 JjJl>JI Olj^Vlj Cj 1 j i33!I yz 4x.ja.^r.a 

i—SLjVlj CjI a i..i.>J 1 i 4jln jj jyLv. jj a dljj L^j *_< c^LlJlj CjI jIjjj>J 1 jl 

La 4 jl-v. | ^ T ]I I 4 L 11 ^>jj jlj-ll CjLLl>JI ^ ^ l _jaj tjr ^ CjV j 1 .i X 11 dJj£j 4 jjjLiJI 

^ Viral Vectors cj^LsLa^ cjLujjjj aJI ^1 jl% 3 ^uI (ys Vju . 3 j cLi_a &jj > 
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£4LII 


4_l^ 3 _}Ljj ^Jl 4j m>. CjjLaLS 4 j^jI_LI I jlj-ll ^1 jL^tlu-ul ^jl J^j 

j)l£Lil 4 ^»Lj 1 4jaLuDVL» lLI _Ijj *LjjL>JI ^1 4jjjflHI 4-Lil_ j 4 & II jl^_ll jl 

loVj) i ii XII (j_a 4_>.jijJk.j 4 _lC ^I^JiVl ^jJI i^jjJjl Lr^* 

.cjLJI J<.a ^j_4s >.Ua4 c_a jl^xuJL 1 OKU (JiwIj 
I.LII J^aljuJI ^jLiJl LljkCjjvLjI , l 4j 
iaj (_£ jJl ill 3_il—C.]j 4— 

Jliil ^J-lj _«_u ^ 114 . <_j^c.j-I»I tZjLi^aJI |jnt i 

ijr 3 L^j^L ^L>U jLi_<_uJl -LlLjLj 


(JjjudL>JJ CjI ij>. j-—45 
4^Luo]^ ^-j^I 4 j's. LL) 1 £ 
CjL*-aL>Jl ^Jl^-] o_>-I j 

4 UkJ I CjI n i-aJl j^t i 


lLsLjJji_ujIj ^yJI 4_l>s!jJI LliLjfcjVI uillj 4_Luo1 ilf. 1 . jj VI _j 

* ^ ^ L^l^ 4.) i n 11 JI Jl> 3 (_ylc. Ijj (jl (j SL <5-> 4_Lo 3 JU_L>- £j^_ll 


<Lo III g. U^ Vl 4ojjj ^ ,,.t< ^ijj-u^Vl JL>fc4 

SjLoaJI uJ 1 >i Wi 11 (j^d £jljli L ^a_i_L>o • 
4jjU1 CjLjLuJI Jl jUJLIj ,oM <t mVi mlj AjjLU *Lx^V1 4jj^j Jjlj 

j-x _ ilijj .jjLVI Jjlj ^j_45 Laic. La^xj jl jjj mil ^_>oIj ^a-Al jya 

4_ijL 1! udLg_<-ujL! (_yi£JI (j-43 %20 ^c_> j)l ^yjj cj!j—j . 13111 

(j_43j . 4j£La—uuJI £jIjll Cj-4J J—ii 4jj1 jbjJI jjlj i_u VLi 4->.j^LaJ>! 

J£\ (jyJj I^j-L-Luj (Jo-ajJ 4j^t-iJl 4 JJUlV 1 (^yi^. I—JlaJl 3_}Ljj J-4J-«-UJ (jl j3^J-l,l 

cLil^tloJJ.! £ JlA jya ^iX. jJ 1 (^yi^-J • 4_45jLiIl (j-u CjIj) i< nil (_y^ % 70 ^j^o 

4-t^a i^aifc^Xl ullij VI t 4 j^ a *■< JI ^jlj-11 (j-4 ^ 11 (Jlj Lci9 14juae. Ju-l 1 

(_yjLxajSJl tLi^ljJl 3_iLjjj VI (jiaAJ (_^-»">3~ ^j^a ^Ljlj <(jLuj}jJl 

^.j^Vl L 4 J l —^ jLiJI (jl (j^l^LJI iilijj . aLl/Q 

. Ij Vl jya 4-iJLvj 4_LaT 4_i 5C «a l.h ^jlj^a ( ^ r 3 

jl^J.1 4 Vi 11 CjISj _jJI ^JL>>1 iZjIj. m ite 4a {J7 ^ (j^Zb^LJl 

l^_^>> 1 a£jJiA\ L^jjtjji (jyj-ll <lj Lx4jSJ I j 1^-11 (_^jj>-1 jLi^I cjLjj! llj 

Cj l IJ i->» jj_a ^I 3 > 11 | jub i_)3 C ' t '~ t ±3 '4 45 1.1JI 1 jJL 1 4>Li-45 <■ a^ lr> 1 i ^ t -*■" ■ ■■". \ 

La j \]rt 41 jLljI (^JulIj V (_yjJ I ^lHUl J i^JjLj_i_uj CjL^jJL 4j^_iL) 

. 4 g mil ^LlX ^1 4 I j « A L-4_I ii ij l^OaL^j ^ZilJ IjJJSJjL) 40 
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^iLJI 


_L3 ^r.la 


I 4 I Lqj CjLlj_i->J I cillj (jl £jUU! Cjjl-lil 


i^jJlj 1_4J djLLt jj^nJl 4 j&. A-t n I1 <?Li^3 

tllllA jj^jL>.LjJI *£jl>U j <J < JLsr UH ^-4-lJ ^ 1 1.< 11 M. 11 JL*j 

^ J.C. {jja 4 a K~i l js^ia : *Is J 3 -I 


(ID 5 


4jSL4-uJI £jljJ*l gl JjCJ 4^01 


l^unl « 


>» jIj-iadT 4-C-jj ." * il l I 


4£) j ujiII 1 4 tt *v 1 . 1 VI ^ k 1 In J (jy^^A?I • 

4_ual^J I ujjLacaJI {jja ^.I^jljVI ^yic 4 j£[j^_ 4*/1 4x.ljjJI 3jlj^ (jVI lLLau_^j 
1 4.C.j^Tlau. 1 I dlLa—<-o VI 4 aJ*--uz> <Ll*£ {j^C- jUaJI ^ "‘lj ^ itnlaj c- I^->.Lj 

ajuJI j-LSJ 4 ji 2u j 4,... jjj A<aJI CjLwjJ. 1 ^ >'»■' ' ■■! <3^>^ ^—1 jj 

*CjV j ^ ■■ ‘^ j^j>o 4_dj^LaJl fiJJb . CjVj— mX LjJlII ^£jjJJI 

iflLual _ollL) ^UJI -<i->Jl 4_L3 j-lL Lj LaAJ 

jJS- I j ^•LiUI cjV^ uii^ j jij-3c_4jj . 4x.jjJLI ^yil cjVj—■ * 1 X11 cillj 

m * 

j-j _^ (J-c-tJ 4_ui^jus Js^S CjLwjJ, dLtll •**» t4x.j^JU aI. ,a.a 

t Ijjl^l N J^>*jJ,l ^JjJJI A^ill t-Jj-4-aJ ^1 L 4-4 tCjVj) 1 uuSJl 

. 4^lo Lual^ l (jf3 dJ Lo-la VI Lj^A_^ IjUj 
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uljjiliatljljilull 


i 4 _m j > 11 l^£L! I ^ In t a ( {jj* ^c.^J I ^Ls. 

£_dj i^ljj) i ulllj 4 jg t »jJ,l t 4 <^>lj_*J I Jjjo 
£jL>. ^4j ( _ =r Aj t4_txjlaJ! J ni l 

oP 3 l4 —*£dsjj * it iV I 3^ In j in jUdu 

J^LiJL! j. ln->» I ^JL>»J Juu «j * 11 

LjJ^C. jjJijJj L^JLlx«a 4 _llj i 11 

d \ 1 A A ^ l 1 t 1 4 * L^3> (yfit J' 1 l>5 

ijj-dJI (jl_i^uj 1 ^ Jit I lZj I_jJldtlJI 

L^Lh-I {jA J V . «j ^jL>J! 

4jjJL>J! CiLo3>jJj) < < v~i llj Cj 1 j i 4~ H 

* LfrUJ 4 —J JL3B.O ^J i m jLaejl *ijj LfJ»_<-« 

4oiteaJ IjJL_u I 4 -jjaj-o JZLgjjj 

uLj! I j j r ^ 3 ^yic. 4 jmj iKJ^o 
4 . 1^1 — Sjl^IjJ! 4-i^t.iJ 1 4K—5JLI Cj^ 

Qj- ua> ( »» nnj J JlCj — ^—!Lo *!^JI lLj^Ij 
^ I 1 ^ J If. 4 Jj^ll.1 4 J£1_jj. I {jA 


^ iia^J I » ' t'i ‘ 1 1 ' ~ 'j j L* \ m 


j- 5 


4_£Jjli)l jLjfcl_..iilj 

Lijk. jJ j) i*\ i Ljr k. 4 _i i 1 11 Sj-^-v VI j 

Ij - 1 LaeL uji> j l^jLjJI 
aiA\ 4 at VLo C 




jV! 
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A £jjiajA Jjfc 4 M i 11 Q I LiJjwU 1 _La * 1 ^j4 6j— JJ-lI 

L^Iajja* dbl_tijj 4 _aj 9 4x.jjj.Li CjIjjjJJj JjaljAJl ^jja ^ejeda JJX (J_>-1 Ju 

^wijjw j^aeJiJ dJjj 1 3jj la 3K11 4 jlIL 4JLuiX CjjJjJI (JlLftjj . ^jCulj £js L^jJaAJ 
,j^o 4 jj Cj~jI ^LlLd ^jja 4_i£t_) La (jlfT Ijl La dljjl x 3jj^tll ^jl—uuVl 

. V j I Lj jLo (. 1 jA (jja 4 <i mi mi nj j 1 t_j 1 j-u* 


4j3j ilVill lL}j— stjJl CiL^jitja 1 —j£J! £ya JjjuiJl I j it t~i < 

3JX ^jJLoj II Col ( _ ? jJ1j 4j.uaLLl 4_L.1311 CjIjj _uJl Cuw ^ "ill 

4jJL>J 1 L^jLajjlajj jjLUI L—xwjJjJSu JLjsj^j ^jIajj 3jxIj 4jj1^jjI Jj_L». 

i^lj^Jl dJ Jl£j *4jjjJ1j pLLI (J 3 4-jjjjJ! CsLjUl 4 _>JL*_j3 (J 3 4jLxLuJLIj 

. 1 3jj4 L^jjJl>. L^jjxuajj 


gij Jl ujjIjJI iJjttjx 

^^eaa-Vl (_jlxj i^JLJl Jjj JSLj ^xLLuaJl ^HajLll ^3 4jj1jJojJ 1 SjL^Jl CjJ I 

lj<i m 1_£J ^yjjjJl ^yCjJl l Jiaj k 4_uaLUI Jjj_JL 

Caljj^jj ^3 4jLaiaj> j_X 3jLj ^J1 t4Li.i!I 4jL^3tj 4 x1juJL 1 4-ajLuaJI 4_jxLLuaJ 
f. 1 j^Jl Cajij >. (jl__uijVl 1^l3 *• * ^jJl 4 jjjJ1 ^j3 4jf. 1 LuaJI CiLalitJ.l j-uaLix 

4-L>ol jjja 41 ajcj Lo ^Jl 4^LjaVL 1 Jl± i4jo!_ uJi 4 jjLaj£J! 3jJt_iVl ^jja ^IjjLj 

^jJI 4jxLLuaJl CjLUjlIIj jjLuijV! 4_La_uijl ^X 4 _>ijL 4 a j4J CjLjx>.j j»jljxj 

j. 1 )./5v 4JJ . pJLJl ^y—3 4-xlluaJI jjIaLtll ^jj— uJi ^L dJ jj i L^j OJ 

:^JLii ill ^j^ll ^Ij^l ^^9 IxjjCu jj^Vl CjLjUI 

...u.ijt^ f ^Lj Jjl • 

i^ j.uajj^LJI itj^-^uajLkll & 4_Lj1jJ1 CjI j_LaJI Cal_iS>jjaj j, iLx ® 


. 4jjjjj£jj Cj^J 1 Cj LlSj-L I 
jj" J ill Jl-U-uI^I 

. (j-A-i-ufC jj jJI ijjllad! 4 ju^jji 4jjjJa_*JI jljJLl CjL^jjo 

. COj-dJl JUjji£I ^L 
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iiijij a^UAJ 

JuljJ I i jl—iJlj O—jj lZjLjLoX. Jj-AJ £4 j->- 

lZjIjLc. j jl is\ a tj^A 4j Hi 95 fjyA Cj\ jJ jX 4_bLLsJI 

*1 ^JL II juajiI^I 

^JUJI <_£ jJI ^yjll»nil j)a ill lZjVajlJ, 4 ajTr.il lIj I jLjJI j *_aj 

4ijLJ! t 4^Ju^aJI CjLjjIII dilj j *-<a3^J 4_pal_jJI <jl JlLJI 4jusL>. 

:^jJb 4 nl"i V a c_)l t ml {j£. ^Trn ^jl\^ 4_ui_ll 4 ^ljjJI kili^Aj 1 AjjLiJIj 

. 4 _ y 5fcj-aJi <—flji is\ 11 dLus • 

.VI jr|j V<<.<1 • 

. i 11 1 i i |j i < «i i 0 

> 4 ^LC. IjjJ I lZj I .V J 111^ A. L^. I .'V I L-fl^ l^*> 9 
. 4 t£ 1 J | i “ 11 r* 1, 1 i < y-» ^ 

jj-jI {j\ _J ^j_a 4 jj^jJI CjIjjJII 4_II jlj 4 ij ill 4 jLojw Jl y a Jjljj 

3- 1 mi ^J] lj_Lu tilljj 1 1Lai AjJt I jjllll Lx>.jJjJ5kj l$Ay 4 j3_n U~ll 

jjl j^-jil ^j_aj . L^jB (jpil 4j j jiJi <_3jj_LaJlj (jl_ uui\ 4 uHjI^jJI 

^yaljjv ^^lc- 4 Ida j^llj ^ < \'*~11 4 S1 t*iU 4 jIjL^aj 4 i \ 3*i II (jL^jVI 3 jJB 3jLjj 

4- aiaj|j 5 JjJl>. 4j^jL jlj-4 jl£~ il i4jl-^J jJI L^Iu-uj Lgjlj jj l_-lC.^LiJIj 3jLU 

:4_jJLl!! jjUJLI J^Li* ^y» 4 mil 4 jL^>* 4Jl*B lIjIjjIj 4jjJl>- 

jljba 4-uji 11 Cj\ —j^UI oLofTIjJ a L^jua^AiteJj 4 Mill in jlr> n • 

. <Laj LJ I l " * I I 

CjIj^UI 4iljl ^_3 LjJL>. 4 4..1 V~_ujJU 4 a In >Vlj ^ 3 ^-LaJI j_Jj-Laj • 

. L^joBIJ_ aj 

. 4 jiji J^L!u-a ^yA 4 j! , A~ ,., tl 4 j1.4jnJI i 4, 4jjJl>. jjJj 411 jl£ujl % 

l^Xc. Jjj-saitil 4 4 JLaB _lo <LaJuOlla 4j^jL) jlj-a ^1_1 j) • 

. 5 a .U‘,t l aa l Ut l 


i>Lll 4 jjLJI LjjKjJ^ 15kJ 

HjL-uj^yLl 4 _*JLi 4-j.a-AI ^j-a ^LU 4l~i a \ La ^Jlxj i^ jLj_JIj ^yc. (jr lc. 

(j-1 *pLaJJ 4 a i ]rx ij 4_ua 6 ij 

I -LA 1 II ^yic. SL^JI ^_ya Ju ^Jj i^_3j_i_o LajJj t^jl- l-ujVI 
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ol A&C. ujl 4_) I 4_J9 *_d_ lIi V Lo-aj . 4-jlf. Hjt) _II l_< _£j£Lll 

/ 

jjlt4_L£:lLtuaJI lZj l— uLojlJI 4_>oLiJI i 4 >JLaJLI ju£. CjI—< ili)fcJtl 

4u^»^jJI UjLoI JLsc!l__xiil CjL>>Ljjl>.I j. JSjj 1 ^jlc. ■ i ..> L7 uJI 4_ jjLU 

(J indllj JliSLJI (jjjLirfi.il jl JLC,1 SjI— jj *UI (J— 

4jLu*>U 4 j J „,yi l_jL_^jV I J^i CjI rtlV II clllj Cjj u£, 1 *L3j I j-±> 

✓ ^ 

(^jjl90 4j^ 1 inail CjI jlVll lLUj cJsjj. t.U jj^o 4_j j j~>- i^jLLaj. <ii!Lj 

.J " ^ AJLrfiil (jjL*JLI oljlil j_i£jjJI 4 jJ\x. u_ujj ^lc 

4_>Jlal,l cljlrflgpJLI liiij oL>j£Lo 4jp>» La 4j§LuaVl_j 4 ( j-£d1_4-ojJIj 

. SjLuD 4uj1 4 jf> CjLl^j-A 

^iJI iCjLijjjJLI (^j fjy —3 «Lojl»j— i-tiil dLJLl olil.a c. col j— 3j 

< iiVl J 4>oLm3l 4jj / gj>«J I CjI. V j t U jj-o 4uJLc. l. fciuU l$JIjp.-fc*L 

jjl ts\A ^J) 1 inj jl$jVl ^JJ jl 4 jjZJI ^Jl i4ujjJI CjLjLA2t-aj 

^ Jj 

CjI jl of. jjja < inj Lo^o i<?l—- lXI Jli jAj c-t—uu djLj 4 4 _i3jj>JI <jLJJ 

LriSJ ^ J11J i£j m Jp& „«!! ^->J 1~ II 4j9LuoVL) I Jut * I—^"i^ljjuaj dial I 4_jjjj 

l.S juuaJl CjI In o 4>lui, j, lmLjJLI eij.unll Cj 1 j 1 of ^u*-Lill 4 jjULI 4 Li ill 

jjI In^j JjLi-ll olrflsta dllj£j 4_>JL*JLI 4 a>«Vi jl 4_ 3 JUII jac ^cr i^ill 

. 4J_>. | jJ | CjL) Il^jjJ I j jj_i!n 11 

^yjJI t j.4.411 < 11 a Cixi j! t>Uo4 4jjali!! llljj j-«Vl juau2 J 

(jr L: 4 j8JljjII JjjJI (jyJl 4 jjIXI 4_jjjJI ul» j!j ^LLu JuloI Jj 1 ^"i4j^o 

a\A\ L-Jj_ii (jl 4gjjJI 4 jLqjsJ 4j^jjoVl 4ngll J-OB ♦ f. Ij) i.. JL>- 

jJ^Ll^sj ^jIdIj-oLj LjJLco mi j^jLa crtjrfit 4 jL^I (^^Jj 4jj1II 

^3 I Jut . LitJL^j 4 jCjj. -VI djLStuIl CjLjVjJI ^5 ijJJjj <4rfh4t..o 4 ujc_ud 
uloJaxlIj Cill^JI (_^j)1 4 4uuujJI oLJjjJlj jjjLoIJI 4u^ ^ jjl 

J uu 11 (j-0 CjIjLU 4j^Li l-9^u 20 1 5 ^LlII J J) I Tri 4ul < 4-JjjJl 

. 4jj-uLi-uV| ^LkLI^I 4 j!r\i~jj 4jo!^ gLlA ^_LC. ^y£. ^jL JUJui 

I (j-aie —uj jl^Lo j^ 3 I 4u3 jyj L-3j) <„» ^ jJ I I 

Lous i4jj^Lo (?Lxa ^lc. ^yxitUoj IjLlLs Ju^ju •—3j ■ ■■ iLuuIaUl fill {jjz ljj^ 

. 5j j In ^ 4j-» in 4 « 4 j La-^ J 
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d - 5 »- 1 ^ d d 'wl -w ^4 d_^j . 1 1I 1 t~. -»- . 1^-1 ! 1 34 , ^ 1 n~ u J 113 ! urh 

4 j 3 mj 4_>JLjcc ^3 1 ^v" jt 1 4JL*3 j IjM*j} Oj&Zlu* l3j^3 jLe_>] .J] 

fi 

jjLu^j4 L;r k- CjJLoj ^I 4_uI J_jJ,lj 4 j"i-> i f I jjLuJI Cjj. g Ir> I J3j , ^LJI 
L^JjJ&j (_t-^- 4 1 1 i 11 Sj,^ 4 j^_>LJI JjII ^l.l ~%-~ t u L ta\ j II 4 _£.j-ixu 

4_>J LX' dl_Jl 4^a^^Lo _i.ii/0 ^3 1 Li_i-a_>Jj *^ _)LJ I 

.^ojVI aI, l Vii„}U 


d_t33_>J1 dljt 4id aJ • 

4-j^ i>>«!I Jj—II CjL£j-^j 4x4^_>JI jL_>VI dL_a Cj^Ij 4-1SL 


. ULfl 


J• 

^yi\j L_J ^_111 t 4 lUj_I ill' 4 1 j 3~i 11 oljUl ^jl^sLlCj . d ul , ul I 

^jJI 4 w J' Cj L_l_rtJ Ij J^Liiil I t 4 j J ^t_i_ij^J I j, ■--» ■ *" I * J13 

xj^Ij 4 K 4*ii 4a (jl3i(l — 11) d^_“J' Jj L£j . I ^aJ LaJ I L^^~>-1 

♦ n d-^ l^c-5 ^3^/1 ^_1 L*J I ^Ijl, 1 L 3d V 4x3j_>JI <jl_xJLl 

jJi-4 4 JjjcTi.I I ^jljJJI l_j^ xJaj d_ilLc. 4_l£L!u_a Jlaj 1 ^ j5kJ^ i L-A Jl>-j (JLaxjj 
I 4U.4J L£ ^~i i yj VI ^JlLo 4x*UIj * 3 I 4 IIJ ^ 

Jli-4 ^jLflxll ^^.LxixaJI ^JL*J I (jl JlL) l^-i.i5> IJ Jl£. d*> i^ij! 4 K LJJ dJtA 
^^3 JSLAj 4 K .~n 11 alx A Jx-t-tOCJjJ . LJ \jli l_D lj L^jj I JjJ 

(_jL£L_uJI ^j_<i 4jL 1I t _ r 3 SO ^J3c_> jl 4 JJJ pij~>> 1 4 3juttlJLI cjLVjJI 

^j-c d»xc^_J I L>- Lllv I j —-3^-1 4j«j.L1 I 4o3 I d LX I Cj LaxL ^ Xc. 

4x3j^>JI tfLXI (jl 3 (1 — 11 ) —JJL j Cj^xk ^A Ld£j . 4 jJl*JI a\ j 11 

VI d^'_*-LI l_j^3 4_*31I CjLVjJL Llx 3 Jl£L ^3 3J ^ ^^JL' 

t—dJl 200 {Sy 1 — UiJ * £>£■ Cj^-us j L>JI j^nif ^ 

4 l2 .n dJjLst^a (jl 1—3 «-uJ-U 5 Jl^IjJI j^iJI ^Ij-c.j^£L_a 

d lj 3~. 11 oljlaJI j.i^Ll d ‘-^31 4 j JLiLnUJI Ltl _ luL ^LXI 0 JlA 

i L 3 < 11^“« 1 1 4 L A L ^ . t a • a d 1 L^r- L t m'x i 1 ^ i i~ d«o LJ I 4 j^xojl! I L ~ > 1 Xj 11 ^ | 
I JlA iCjljVjjJI (J—a CjIjLUI CjLc 3 J*— c. { ^ r l\ \ A. tjrt n ^l~i^-j till—x>- 
^JJ Jujoj J3 i ^]\j 1 L 4 J] £-Lj>o 4JiI 3^14]I dj^ Cr^ dj^ r 

.3Jlj jxi jj)3rj Cj l^lix 
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ijutfjljjI j >r Jjjvj i a<« ) 4£jja <U*<)1 iii«lt:( 1 - 11)^J5» >»TI 

(?) * > 

. v y -L>*t^Jt jLUl ^ 3-i_v jj 5j-ii4 tJjaU aLJ.1 j*»L*JI 


<—BjjCJIj 4jjjLi 1I _>l jIL aVI 3jLjj £-oj (jjj-ijw Vl ^jjlajJI 

j i 1 / • 1 I s'* * I i~ll I n^. I ~ Q L-> \ l 4_a1jj2j-<_u_I, I L^jLol jL3tJ_i_ulj L^_UdIJ->- 

Zero- (J^j.A<*ail J 3 1^1! 1 CjI j CjI j_LaJI jLj C \ t )J 4 _)j_LaJI 

Sjob Fe° l ujoj-JI jiia * valence Metals 

( _ ? J[ LajLUbI jj-njjLi* ^JU „,L ic. dJ jj «4 jj1U alA\ 4j>JL*- 4 *j j X 

4jljL 3JI JuJL>Jl CjIj jJ Ci1 j ji i^i^_C jj . CjIjCajjLj 3j <~»f. 

^ Iqjkj Lc-A 1 4 i,j j.hn I \ _ lm 4 d"<5v a 3jj is aj 4^ux><J! >»1 J 

t j^o jLtll ^^i_tlV~> ffcLg^j 4_ j^jLlII jujl>J! cj! m s~j . L^IoL_ Ju j jj_a 

^jjjjSJI JujjK Ljj ^JILa 4 jjiSLII CjL^jJI 4-aL<-uJI Cj 1 ,tj>.jJ L$j I CjL£»j-a 
i 4 -La JJ) 1^ 11 j.i^a ir, £j_>j I Cj Ljjjj>* j-a-uuSJj dJ jj .cci 4 

. 4 < jJ lU_> SjLlLj J_l£- 4 l^j < iij 4 jj CjL£j_a 

J-U-ul£'l ^X4> jj^A -1-u^Vl J ^ if. ^I^LjIj 4jJjLl!l JUJl>JI CjI i i \ •V- 

j in if {jJ* Ubj-Jj_>oj 4 j jJJtl jLlILj SJjjwjJLI 4_aI _i_*JI NO x jj~i j i I \ 

_idjdaj JjLaj {£ j->» jllaL (j^ jJI ill 

. LaLqj clj^JLi 
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ill j!$ ^iUI 

jGj^j ,_Jj k In n4 J)j — t nLa ^ic, 4 j^jIJJI Ju JL>JI .~U ,_■■>- jj j 
Jj-a j 4Ijn~iU Jl>lj_LaJI j-iuzilc. ^j-a 4 jjJJ11 *?1_jJL! 4 j a n 1 AjjJ> 


i^i id 


ij V j 


(3), 


3jLJd 4^jIj a*£ aj^-an ^^1 41 j^_>oj 4jJ i u^lj * As ^c_jjj^Jl 


4 jib^>J 1 aLdl <a^?r‘i~~* T n in -ujl>JI JjI m < -v • 

4_djl^ 3j jJi 4 —-lLajlII l_}j! Trill <Zjj —^Jo I -La.14 t Lai m La£ 

L^a 1 ^ 4 J ^LJLll ^_9 £il£il! J_JjL>JI j un it T 4_JJ_)LUI 


t 11 


al alaJl Ijx, J^2 a . 4_±C.li m!I C_iLiLrtJLlj 4 jjIXI 4_l 9J->JI a l j 11 4 _l3 m » 4 i.nL>J I 

^jJl 4-a,UfcT<_i-ail JjJl>JI lIiLlxjjk jii.o ^1 3 jJl 3JI i_Ll_1 j 

JuJl>JI CjIj li (j-a 3^ j _}l JjL I Ojj t^ 4 jtt- In i n 4 jwLua 4U 1 ^t*ia > ^ \ tj 

l^tnl mm jj_*j Lc->3 * Cj Lu j->JI <■ * J — l~i I 4_±awjL>Jl _i_u VI ^^,-Lc- 

Ij] dUjj i4_La_iiuJI 4 _ijLa-^-II cjI j j-><U jjj f-ljl L^jj jJsj 

h 4-K) is~\x 11 CjL£jiL> 4 j^HI 4_i^jd>JI aLJU ^yalSLa ^Jl L^ifcda ^o-J La 


DJJ J_L 


^ t t^nl I ^Ldll ^__*_>JI 4-a.i*n <jl Li_4 3jl i~)Vl jJukj^ . 4ja _t*JI 

4Jjg i li t (J1 iteJll ^ 1^. 5j-La 11 L^J _j| jJi La.iVi a.uJU JljJl>J 1 dal ij i>J 

cLUj^j 4 _i^jj>J 1 aUl jl*j ( _ r in 4 j^JJI dal_a ilnl 4 aj4jJI <ull 

4_LqISL 1 I CjliajIXI n~A 3c LaSL) ^J-aLtli! L^i Ajj JL>JI 4 > _i j !n j 1 Jukj i L^J 4_LaL>Jl 

. 4j^jJIj 4jjjI_LII^ I i aJLI jJj ^3 

^3 4j^iJnaH uliL-J^JJll 4^9^_>JI dlxll 4_j-d-13 4jl4f _ V1 V>j 

1 ^hHj j 1 In 4^/1 4 jjjIj JuJl>JI Cj 1 g j j. • - a < In 


IJLA jt-tlaj L^J ^j-a L>J I lLs—<- ujJ I ^ 3 a"il ^(jLajJ I ^j-a 4 _j-< 

3 jjjwjJ,! Bed Rock ^ 1 _ 3 JI j^r is> 4 3 , U ^J! 1^1 4 _j_ ^ ij jJu ^3 ^licJLI 

^3 JojJijIiJj . L^ju>JLfc_a jljJLl 4 I aLiJU 4 n i In! ^La mil ^ . ,A\ ->0 

5 J> t 

di^LjJaij—i-LL^a 4 'i j A (jr^- 1 ^ '** (j I Cj Li_xjj>J L> —cull jJlaJ I a j At 

jl_ui-a 4 _lB 3 _>JI aLiJU 4 a tin 5 Jula-U ld ^ JL>-1 ^yzjZju ) 

(jr l£. Injj . (2. — 11) *4jaUU 4 3-i In 1' lLUj 

j I ClijJjJ! J^vLw» lln is\ a CIjI Ij ir»t-IL> 4 j 3 je-Jj.il 4jJ^A-tJl jAjJI aJUb 

.((Contamination Barrier 
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4j>L* 4- jjJ^ flU>q ^ ■*_*■*•> 0- 4 UJ** ' K * 1 ^ 

■ 11. t>iH l jjt lu^jlj l~i! ■!.-*.{ 4_LaL>J 1 <u^Lutl1 

.Jfli u 1 1 h i O 


4j>UI dLlLI A>tJL*-a ^ i * 4 1 ifl 


lM |^u<j :(2 - 11) nitl 


AjjJUJI i _>i t*fciTi OL_ij_t>. jjo ,j i\iA js* jI_ l>> j ir La>)^y» l j—a 

4-y»l at A Jl-Oj dVlnil^J 


3 juoUlII j_LJ! ^yl\ 4-Jjjlll <u^jj>JI tflxll (J $ -v j jj_ 

j^lc. 4 j^LU! JjJL>J1 Cj \x i-i->J 4J_uoL>JI 4_il>ajJl ... ^ IT L^iLsejj 1 Aji ... a 
I JjwLrsJ I CjLljjjw ^ l-3~ 1VI (jr 5 CjIj^JLU CjLi£^-g I Juj ijJLJI ilLq^y (Jjl© 

4jj <>ir lt^I CjI _jjj_>Ji till! JajIjj j~j __ iXj L;r 4 LajjJj ^J-3j 

L>j CjLjjJ_». ^j _4 tfLJJ 4j 3 n 4 jl ^ ^JLij JlfJJ Jn <n ^ylt 4 . 3 jLl <3 

CHCI 3 Cl j^l^Jl jLc, 3jj 1msII JjJ Ju CCI 4 

3jL4.u^Vl J^U3 ^JyC 4_3 j1 . juJI (J^LajJI 4 j > IfLjja Jujjjuj I Jufc . 3 jjJ^_>. (JiiVl 

4_uLij <LijvC jLjjjI ^Jl 4_J^3tILs J_ jJl>JI <2i\kik->. (jjL33 lIijjv tjlj _— 

Jjjxj (_- r 5 4 _jJLljJ! Cjljj^SLiyi I Jl-ljj . C 2 l^A4 (jlln n 1 4, liar tjj.li 

•.^lll! ^*-111 jjj^K (j^bj j-a (Ji^LillLi 

Fe° —► Fe 2+ +2e‘ 

CC1 4 + 2e - + H + -► CHCI 3 + Cl' 

LaLus C-uLj ^jl Juu _3cj *^2 — 11) (J£!_ijJIj (J/'l-ug 

s 

(Jjimi 4 j>-^J I i jji i 4_llaj_i_uJl! j 4_oL_uJ I 4 j^-u3aJ! CjLi^JJU 4_JL>. 4^>JLl>3 

(jS I ^ % j 1 \ 1 jJ—jJL ! j^p G l 1 cj*o i_dJ j j i VI 4_ ±>- LlJ ! j _IjU 

.4^4^j>JI tfbJLl 4_3 _lLs 4b>ol 


234 




ajijjj a^ji idM 

^LkV» ^—Istj (Jj^d 4 4-jjlaejJI ^ 5ld Ci^bt -1 

UjJs 4jjjLL1I 4SuL■ t iij Jlj Jl->J I (Jlil iii> c iubjj 4 j.Lt.L 5 ^ 1^ u4 _j£j^-4V! 

3juju!u 4^llAJ! I CjL£jI! Jj_<o L^j-sajlaeJj 4_iiSjj>Jl did, I 4 ” CjLxLeX. 

(^J)) jJjjq 4jj cdd! CjI JljjJUj jj K11 J Jju.4 (Jj ijflll ^Lu jJj_a 4J4--j.tt.ll 

^ J “T~l i-uJ 3_l£.lj Cj 1 j. d ^ >3 ^3L£JI (jjjduo Ju Ju>j I CjI jujl>. (Jjl 4J Ciij£ .«^^J 

(j-* UJjJoJL ^jJIj 4jj1AI 4^4jj>JI oldl (j-* AS ^_jJjjJI CjLaSjjo 4-11jV 

. 4j£. 1 ixdl jbLUl 

CjIjjjT 1 .cJt (^j\Jjjj-*3 4 j_><Jl oLJLl i _ ;r 3 _A_^-jj ^cjjjjJI Jj 1 (_<5 jjjlII (j-*j 

Lfl^j dJ jj _i_uLaj>- CjL dfcaiijj) AsO^ J ^4 _ij^Ij CjI dfc-jJjj) As03~^ 

£c_jjjjJI £yi y Gjj ml1 l^Kj . ^^ cUj^11 ^Lll tin t njJI 4jjlfl J1 4_u.naL>. ^ jJ, 

j Lr^S/1 {jr & 4_ij^LjJ! Cj l j Vj ijjJI j I Jljj t4jg >did p -■ •■"" 


4j < vj il£da jjLb I jJ n-fllxuat dj, dc ^fcij 4 1i uLg->Jl Cjlde_jjjjJI d<„ 

4dLc, <Lf>yhl\ CjL xitjjjj^J 1 3 Jjl.u£~I 4 ,ka& ^ lc. ^j_dj 4 jjjLLII JlJJ u>JI CjI mj>- 

^jhjjJI 4 nj * m 4 j—(_ ol_4_>Jl CjI jVj ljjJ I c_j _£j^a ^jjj^ll pill jL_jjjJI 

^Jjj . 4_j t-t —LMJJU <jt ±*-1 4jjtf—tuJ fill y* ^jSLoj jJlj 

: (6) 2LJU1 cAUliU! jlLI 

Fe° + 0 3 + 2H + —► Fe 2+ + H 2 0 2 
Fe 2+ + H 2 0 2 -► Fe m OH 2+ + OH* 

OH* + H 3 As0 3 ^ H 2 AsO" 4 + H 2 0 + H + 

i 4 _<oLj_uJ I CjLLo-jJL^JI CjLi^-fl Jj t aCi (jy ^ ^ull i—J_^L-uVl ill (jr l£.j 

^ * 

L^Jja 4 jj^LUI CjLLu^jL>J! 4j|jV 4 _l3jj>JI tfLiIl 4 _>JLl4 ijr ^ 4 i.llII 4_3j^-LaJI ^jLb 
^-A Lq£^ 1 ni ij c!3-^“ <jr\ l JI 4 ^i4^j>JI tfloXI lV 3 

J^ljJI ^i^3ij Mill L;r ^ l£j-U jlj-^JIj.(3 - 11) jSLcJI ^-uo^ja 

43^c. j tjjjJI ^ya dJjljJI 4_Cj_>JI did I L^jIc j-sj-i Cj_ptJ lJUj^L dJLC. 

jaWi ^JjVl 4_5j_i_lI Jj I J—^cJ-3 i l^jl" l 4-3j-*-lI Jj C. 4 dll V a ^l^ja J—j3 )"m 

^jJ 4jjLxcd CjL^JLlaj Jj^o dljj tdLjJJ 4_JjVl 4jdi’ilLi 

, 4j^ rA JI CjI flj m*sllj 4 i Ln 11 ^L_uj>.Vl cdl^C) jj^o y&jJu 
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p a! jj^JLLj Lfcji— lmj* —Ju^JLI a LI! 

^^Lal ^j_a l_j _i_ul oLaL a l_4oJ^4aJI lZj! j V j )jjJ 1 3 J_ uu£) 

o 4 j^SLq 4 3 iln ^1 dLIl j'j-^1 {j£. ciUjj i4_j— i_uLa>J! oLit-uj^Jl 

a oo JljJuJI CjI ij !•>» (jy —L. l^ol. mi a 4 j^jl>JII 4 <if till JLojJI {jja itnjl^w 

lLLIj ^iTij . 4_aL_uJI CjI m (jnl Vitl 4*itnMil^j ^ jJlj ! 

c__4_j_ i_uil . LaLu 4 3jln i tfL-a imjoJI 4l>-j-a 4 _L>.jI! 

(jI ^J! ^jLv i_liijj cjL!j_>. tfLil 4 j3n 4_3 j^_L ^Ijoe,!. ±u I gljj 


L$j Cj^Lc.L ajJI ukdja jj t 4 jL*U Sjlajus pLumIJ Jlaj I^j! j Cj 1 ij»ojL>Jl g.\ ja 
J lie. I^j4 pSLtoJI ujuaj ^ I j 3 Jl£.LJ,I 4 nhV 11 i _j_a!jJtJ! ^j_a 4 x.^4J9cjQ ( _ r ic 

.^ajVl ^In i ii ("i^ 1 oLJll 

i i>j (_pJ! 3jx.l—tuil! tillli p-Ai j^l (pH) ^iju^JI JjaLJI jjjjtjj 


LaSj 4 1 ,.,1 111 pj3il J j j“ -y' J ~ 3ju_u^Vl jJc.Lij LAjajlj ^3 Ca 


3jl^I ^L>o (jLaalo (J^*^ 3 JlC. 1 uli jJ^al jjlII dJufc p^LtoJlj . ja j dLI 

{j.a 4_jlXu j-±£- CiL^ gU! 4 j1oII 4jj^LJ! CjL V j ij^Jl CjL^jI 

* K i u Li J) i rCi I j ujjLJ&jj i2j1 <^11 4-jJLoi 4j ml <>•>«! I CjLifcjjjjJl CjLjjI 

4_L _i_utL^jJljl pjj pj i4_t>.^Il Fe(OH )3 j^jl^JI , ,u„ -^u£ju jul oLj)_>. 

.(Liojuud u i njlnl <t a (JLsta pi, jJteji < »L) ^ iu^iInLuLU (Jioall CjLjJLoj 



4Js » Jl oLl\ i^ij oj^U a*.jH i ixijjKJi oLdl ^ ; u 

jljj* i^l>Jlx4 L^jQLa-4 ^ujjjJLi 


4jjJI \ 3__u 3I dial) A->JijLa 4 ^ ^ Jajj ^ In_i In >1 i |«—:( 3 - 11) ' 

4a5 ^rl-> Mi ij(3->“ tji) dlaii ^ ab ml JMi- (j-« ^ajjjJb 

■ 3^iSaJt 4a^ i\ in Ai^jlaJt ■U.LhTI ual ii i> 4L->..#)ja 4_>J L&X I O d JO 
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mLi^UI 4J1 jl§ 4 mJI jrfUl 

^Lll A * a‘ t3 j* jj-j 1 4 Ai*t i A-i ^jLoJi 4 ^ uLu ■ ^ • 

ol n jt lr>1i 4_dJjdU 4 j a \ • II C-iLt-J^M <d^->d ^3 ^jLajJ I j jl^ojwV! ^ JI 
0 LI I 4 j a II J Lae_a ^3j i 4_a Lc 4 rt un ) ^ \ j 1 11 J Lc_l I ^3 jj LlJ 1 1 .p>* jJjjSSIj 

4 M 

lJlIojj t—3 j_i_u 5j i±j3 j3j-LaJ jUJ I (_yJI t ^_y3^i~r\ ->> 11 4j>.j ^3-L1 

4jj i^r CjL£j»a ^ya 4jjjj>o Lu^a 4 jj1LI 4jJ3jj>J1 0 LII ^j^>j! V" 

. TCE (jrCyVl L^lajLi j JLuajj (4jL>^ 

^j^t_3lJ! 4 jI jj ^ JiitH—«_uj (^jJI c_j£j_U I JlA <j! l_3j^-*JLI £y*J 

(JjLLcUI uj3 ^yjl^JI I l j f £- 4j£jjkJ 1 <?LII i—>j. j ujU CjjjjJlj 

? 

^3 it c-ujJLl lj_$J 4»a jL^tj_»_uJU jjLuail ^-£.11i-^>l' i^ll 

. l^-La tlijjjJlj ^ jjc-ilJI |_jJ!j^ 4 j! jjj lIiI^J-oJI ^lr> lm\ t njL n CjLlaX. 


j 1 _ 11 


lLs-C 


4 <- a j In I~ C-ilj -i_u-a -> 1-1 ^—5 ^ jLtj—«_* 1 J LcS 

_ Jl 

. L$j 4-DLlII 4jiA .it! jJSjJI ^ya \$ i^ijlV~I1 

Ju^jlxj <(4-i^jj^V! ^>^ij!j 4 jjiL.)) ^jLH! -*• t 1I jjjIjlLII jlio! ^—9j 
aLa 4 j j Ll T 3 Juj_9 4_ajj_L ^1 (Jo-ojUJ I lr> I ill Ijj «jJjj£lJ I Lx>-jj->»)) 

^yQ 4jjjL CjLlj-lTw ^ IJLrtZu-uL) Lllijj i^LJI TCE i__*£^a 
O I . Pd j i*~i If. <^I * • id! 4 Sj4j 4jaulaj 3l Lt a i - < A jJl 

jljjj 4 j^jLJ! jJl — lZj! > 1 1>. 4j^l^JLa *m\ ^->3 4_jI ^jllui! 

^jLjyi jlc ^JJ 4 Jj^_>uj TCE u^o cjLLj^ _Ut^j ^y3 ^j_»j!>LJ1 3j Jl3 

— 4_3tjljJlj 4 -ojJlC 4_i^3_l-uJI j~±£- 4jj^j^£jjJll^JI CjljLiJI $-^3 ~ 

L^-jJj)I^~i g.1 air J^pk. (J-uol. 1 2 >j ojlA 4jjJ^ cJiajup 100 j-3t_L) til_Ijj 

lIiL- lUjL^I^JLq /j a l a 1 L1~ 4j^jL lZj!^_ art>a «^j I_3 L^oJ_aj ^_>LJ! 

djLj^jt- 4J1 l_j \j tliJl oL-a 4ja n JLfc-a ^—3 \ 4 1_h ill lIj \j —LaJI 


(9-7) 


L^J 4_i_il jj! 4 IIq^ / /■ 14_aL_<d! CjL^j-U 


jjLJf L»>jJ>1 SLi ^Lc SdiliH dLttt ubw^j-4 • 

^^ll! ^LI! cjLc CLya £ya jjai ^Lj! ^ys i4^L^j 1 jjLll! l£J o—L o 

Membranes _iuLVl .43^111 _jJI ^La 4j3r> ^ ^jJt: 


ajjJ 


j* 

ijr Ayi 5JJuLLo ^L^_a 4 jjL3j i 1 ^ ■ njjLLaj 1 ^1K ".I ^j q ttj Filters CjLc-iILjJUj 
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i?Lai,I 4 1 ^jxj j-k ^yJLc. *. Lc ^Ix. I 4 jL^1!I 

^j cUIlSj 141 j ifi I i 4 j^.Lj II Cj L-uj|^._uaJ'j lo^aafv i1' {jA 

<?LaJ,l j 4 JL^_Ld JL*jj i L^J 4_dJl_*JI 4j^fcrt» fl CjLl£j-1 I {jA l_)j_ dl ^Laas 

^_i i*i^-o-1 1 (_g^Jo j ^<*iI ^j-4 Ultrafiltration ^ j <*<^"11 ^ <<>Li 4j3j^*_II 
(_yjJI JlI^ jlJI ^J—t ^j-3j 4_ilxL4 tfljalf ^ SLjISLU 

*Ldl uU_ J~ujj* L-dJ Lojj . CjIj^ojjIj 10 j^ajjlj 2.5 (j\j Lfl iat-uL^oa 

J^LolJI 4jjjj-L>* 4-Lunaaa d U. >U~ is Cj 1 a i In {jA 4-Sj^.LaJI OJJb ^ 4oa l V" <ull 
4 j^jU *■! a.,aj CjL)>-4 {_ya 4j a 4j^-L^.j.T l uiLo-lVl ^jLLu3 AjL^Iju^a 
jLoj ^Jl oLJI (^oJqj jJtX. 4.ad u„tlj ^ k i~i^JI 4 ji 4f IJujj ,j\ L-isVl 

4 jjj> 4JaJix. CjL£j-o <j_ c 4jj)~i^. i Lcj \jtj. t jej Lo-4 Jajt <>>1' c I j _$JI ( Ja 

uLld4 ^ O « «1 t _ ;r jJl Jtoi^-ll 4jWjl JL3-I 4 J i"nT j ^1 JULA ^UsjLjVI ^^ix. 

Lx.^*.j cdijj i La^-ajc tln.^4 H 2 O Molecules *UI cjLj^jh jj^gj 

^jjoj i^toIi^JLI 4_Ljlir V 4^LU! CjLstJuifi jLLajsfi jLjljI ^jX. £ LLI CjLojj-=*. 

" *> 
Cjlaj^v. 4j^Cqj^£L1 1 L^&J|j Cj l—I CjL *j uuj>~ 

Cj 13r-~4 jl 1^4? (J-ujjLx/O ^jX. i-Ajl 1^4? jLjlj? Jujj (_yjJlj *liL 4_dJL*Jl jfjJtl 

j> 

. ^cai^-lI ^ LaiuX 

cCojjJI ^Ul! jjLill UjwjJj)I^j j£jl j-jIj <3i>^ Jl3j I IxJt 

^jX. dJjj 4xiix.Vi CjLse—iai^aa 4VI ^u_iI j 4jl-oL>J ^-jLjJI 4_^>.^J^a_iJIj 
J^u£\ (jA 4 -S^XA i^ia-u JI^05 {_yA 4X.J) I i^l <a CjLstali^aJ 4_J- ClX I < l^J ^Jjj^ 

ajjt Jz jjjj .cjI Mcn.fl 4jjjU Iron Oxide Ceramic Membrane jujoJI 
Ix^-j cUjj Reactive Membranes 4JxUJI 4 j cxVl ^L» SuAcVi 

CjLjLooJIj CjI _JjJJl! JjLhjJ 4 JI 3 J 4_njLfl 3jJ^ ^jA Oj£tp Lo jJJ Ur~~^\ 

. La>j. ^1 ^ U~j jLJI ^4 4j^aJajtJI 


^ia4^U.ii>i l ‘<t ^jLJI Iojh^ ISj # 

(jl i. it )^U 4-J Jud I jLoJ, I Ji J L.'^3 lOS I ^03 CjLLuhJL jLstjJI <? Lo_A JULJ 

^^UaVl ^2)^° ly~i! Cj _>J^x. Lo Ijl i 4 alaiVtl 4~iL>_ 

_ j_uL) u3jJU 4-OX. LLua CjLLoX. i j f A 4-1 LjAja jjfXL L^J 4 juI jj I 
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*LJJ 2uL>o cul_iW ^ysj .Desalination 4LJ.I a_ _lL 


jjjutJl ^5b-oVl 4j 4 jI Jill *LL1 ^»Lc.jV 4 _JLc. t^aj)• i<~> 

«»U1 ^ AajljJI _oVLi dbLai^VLi ^Membrane 2u_ 

. {jj* jj) 1*1 L> a_LQ ^^LoVl fdjijl Jl*j ^ 2 Lli ^ Lo-U ^ & t .r> Lo-Ioj 

Jl «~i ^_i_u£L*J 1 Lul 1 4 tr> <n l^j 0 L11 4 j 1 ^ 4 j i a" I <—1 
4-cic-tlo CjLloJ^ L^ijJfc <fyj <.. (.1 La"ij «4 n\ < v~i 11 4_jJix. Cj 1 j \ rTi 11 A 

.4^LLaJ1 ijyA% tfi-JU 

^LlI I 4-iL>iJ CjLi_i_oj LaJ ( _ 7 _ 3 (J^oVl ^jLlM Ll>- i^*i C i ln£~. I Ji_ iij 

4_o X Vi mil 4_i_iii£.Vl 4£.1 _Li-£D (jr ib 4 j^_jLlII (j^j^£L!1 <, ^-> £y^>* 

^ 1 J> V~ i-ul £_o 4j| 4jj1jlx11j 4_i.l.fkt.l 1 c-ijLteoJI ujil . 4 ^—3 

^ ‘ "■ '•' i" i in/iir >1 4 jl^r~i!I d) 1j 1 o f. 4 aISu <jp3 4 jjjLlM Jj j 11 <. > j■)lj I 

4 1^>a 1 t ^ A^>LilJl 4 J i S*i > Cj _bo 1 jl dUjj t4__jUU 4 *75 

dll jeldS 4-oJJl.l <jj— j^£L! 1 t <j i Lj t Jjlojj .^^J1 4_o, licit—uJUj 4 a K~ 11 

tSj^LUIj lIj! jl 4« 1 Jo~ oj SjLjj-3 jjLuajs _il_*jVl 4 j^jLj 

* 

i L^J^Gfej jj i *) 1 jjjo (jr aJj1 *LL1 CjI— jjjj>J ^ o i <tJ L^jLsc^B ^oj^j 

(j^-3 1 jkJ n ill *uLl»1 4_j1jJ,l ^-^LoVl Lq-Ioj 

jt 

.Molecular Sieves jl J^LUI 

Jjl lIj! ij I~>- ^fcl Jiitl_i_ul dLJLI Jtj_ilfjj 4^1^^ 4^Lf L!s jljJJij 


a j ^ i. ■ i r. i 11 ^Lij 4_jjjl_j cj L<-L.yv till *MgO 4 jjjLlII ^j)_i < ii if. LU 

Ij^jj£LlI 1 ^ic. (^1 iJn-aJ 1 5jlJj ii 4 jL“ 13 jljJll <?JlA —>J1 Mg 

udJj£j *Gram-positive and Gram-negative ^1 j iJl 4_J1 —^ 4_^v^o 

^Luoj Bacterial Spores 4 _^ n<Jl ^ nlj^>J1 5_>l_ j1 

6 S 

Quantum ^SJI JoL^j ^_uLj <_3jjuL>a j I 4 j^jLlI 1 cjIj^IjJI ^ ^ ^ ij . e_>j_iiJI 

cJiillij 4-0jtJt-U 1 4 _ajI_3 ^ l >.\ i n o 4 ^ j A ^ lj Lj lu-Lt LqJJ Dots 

ji 

L^o i I^ILo^jlj 20 LajLI^I jljLji ,J_ oj jJLusaJI 4_ijbLu_o lIiLj^ — A 

1 1 jg" ilil L3 ^ ■ jS~ SjLjj i4^JLc. ^_La__«_ut 4->>l 1 xlA l^i 




. 4j j i'< 111 l~i! 4 j ,..*%. H ^ 1 r. »1 i^nll 
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£rfbyt 


j t i 11 1 ^ | 

^Jl^-I ^^_>JI *!j^JLj 4jj LU I oll^UI 4_i_»_aj 3ji..xv j,i„aX I SjLijJI Jl*j 

■bn>"i cii-ijfc. I LULLc. 4 j^—_AJI l^ la ^^L*! I —tiXi j^_jI 

c -1 4 le clao^j La Laol Jj . ^__t!u_J I i j^A jy^ 4 jMo jJiS^ I j-ljji L?-—“ 

3 _>JLj olj^lll l-j »-uj ^Lajjlj vIj^Ij 3V 4_jL e.jJ^ J c-xlaJl 

i jjjJ! L ys\j^\ i _y Lj j , dLsjJI CjVLvj l^a VI ^yA jy£} 4-jLuo^I ^jyjj 

4ojl^4i! CjL l_jI!V lj i<y* 1 jjJI 4j i_uL_uj>JI j 

4_ajLs 4 iilall Cjll^ i_uJlj 4 j^J 1 ^jLLs^ t-u ciJJj^j 

a 

- CD^UI g. I 11 jLill^yV jJI II g. l^_». {jA j _ili-J I i i i c^' 

j^y^aLUi ^JL»Ji —a v—j^JL^J! Jjj I Jl)^ l~i 4_1£!—tiio: ^ uViii*! Vj 

4_jX.I i II JjjJl J~L Lsl^a 4KLUI 0 Jlj4s 1 1 jaj JjjJl^ 

2 >a ^ I ^Uj ^1 4^ < \j^q VI 11 CjLjVjJ I L^—<_u Ij * ^.a.bv-ftJ i 

4-j?r y i 4 _j ljjI i tt^J!j ^jjJ! £ya L^-ilSL <_u JJie 2>-a 4 jU.I ^ 3 60 

.Cjjlil gl^gJI 3 l i^it i~i 


u^ll 4 jTi <*>t Aj^jLJI ^^jllj~Tl ■ ij HI<I LjI i m^ • 

— Lj i~i jI 11 — ^^jLliII jo, ,i <i*sl a,, i-»-~ . i Li) _ i_y Lj^j LaS 

jrL_i-oS/l ^LuJ lIjIc.Lu^O {jr 3 £-*-u I j 3 Uclj (jr^- CjLj-ljl^JI 4jjJLq jjfl.j.a Ti 02 

^ * ~ t 

01 j c& ^JoJ Cij,>. u. 1 1 j~_ loj^LjJIj ^lj^^/1 4-C. 1 IfaOj a^LLaJI jlj) aj 

4-)> ijljfljll CjLa I Jotli_ luV I ^ 2 . Ijliajj ,^_11jl!I _l^Q ^lc 1 ^ ; a 4<t>in 

uj>j . i„rt 4 t3 J_jiill L^jL^juIajj i ^"^*1 2)_^ ^ If j 14-aJI_i^uii 

1 ^ 1 a CjI ij i C-L^t!L»l La I j| cfUjj tSjLil I CjLa! JL rr~i t nl I j m j~J! ^j-wl ^ >■ a 

I~ 11 .n^. ^JLU i£U (j r L*-S . l^lajjLj 50 ^yic. i AjIU aI jLjuI Jujj V 

<_f■>•■ ^-Lr <d.4oLfl 3 jJ^ 3 IjgjiajjLj 50 i jy. LfejLU^I ji a j! J2j ^yliJI Lu~-uJ I 

V i Cr* 1 ^^ ‘ a^- j o V L^oSLJj t 4jT .iiiaiill (33^ 4t j^iVl 

4_<-Jy V' JLu 3 4jLaohJ Ij 4jL3>JI 3 -^^J-C-l L^-a ' J-?r" ml JUiZ, 4 _ 4 Lie t,.„i.j.t.ul 
4_e 1 j ts> ^Lsc-Lj ^J-5to—i-u j * 4^jL*JI 4_j45c 1 .. a i j! I 33 ^ 

, Tull 3 -a 4 jL^jJLj 4o-oL>J! jJ-la^boJI CjIj, _ um-a j r_Jl diLaJj^ 
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*yjjti 4ji jif taji i-ui 


^_La_i_ul ^^LLa <Lc.l_i_ua ^“3 l_^_La Aj^jLLII CjLigj_>JI _dj dJc£ 

4-d) ( s*>j ^_i_ j_u_jJI i__3 Lii 4-cLdo ^3 dJj^^ 1 1 ^jlr 4.1t^sl jfc-^11 i_il — 

. Lu-u VI (jj frJ EJia 

4_LJ^_iJaJ I Cl ij 3^1 1 ^j * 1 a Cj 1 m i 1 4_j^jL> I .MM I I J^ij 

^JsLf^j (jy^-9 t L$J 3 jl»-u£j^o jgg-~j ^^^dl Photocatalyst 

In a 11 a* 11 j l_j i^d I ( _jiLo 4 j^ i^ii 11 Cj Ll£j_ 1 1 Libj-iilj ^j.Ti\ il I J^->.^1 I 
j Li.jgtl, ^yTi.^ ^ j l> u^CLJI 4 * .nV \ lr> ini C i-ust^C. La I j] dJ t Lj^.~i5>.iJ 1^ 
(jLa tSjujdJI (jgalj '’dl j?J^J . Cd i-uj^lill J— J_a ^jjdo 

1 ^Uy> I 1 1AI a'j j 4_i_i_u IJ ClLal jJ»-~i t u \ L$_ 


lU^lil 


. ^jaddl ^Lj-ojVI /yo L^juLojn. ^^3^-jlj CjLjLAiJ 4_C.l_L u3 

4j^jI_LII 1 t il i~ 11 Cj! 1 1 i -d J Ldt I 4_u L LlJ I Cj L^j_CJ I ^Jud i~< '**i4 

4 - . - •* 
^>j>.jjC_dl JL^Kl t j_a jn 1 V"iU ^ J_3tg_dj 4 _!Ll 3 4gjjdo cS dlla^J 


J 1 A^ 1 " t \~ (^C, d_J I £ I NO x 4^0 Ltd I 

Jd ( ^ J7 d I I j Tin If 4 jjj LlJ I Cj I jjld I Jlajj I Jab . 4 ddJ 4_3 j J .uj Cj ^ \ 

Oj-z t_) 1 ^j-d ^dJtdJ ^ JLitj_*_iiJ 3 JlC.Ij jlCjl^ILajjlj 1 0 L^JLll.i.'v- jl ln4 I 

jd^J CjI In -x- 4 J ^_ 3 td I ^j->- 4_?tjjj ^j_>J I f. I I ^11^ n ^^d I Jy a jjJ I 

Djub >4j.3cidiill 3^ tjna JuJI 4 ji _Cl JLr^J . 4 _ij^_^£LJI 4^LLdi 

^^9^ 3^j-h Jloj-u^I 3jJ*a! 3ju_»_u^tj 4 jjjLLII Cjljjldl 

^jl .(jLojJ^/l 4_3tjU3 Jdaj V ^jJI^ ^4 11 i^ll 4dL>. 

4JtL*dJ d «\* a 11 CjLd_l_JLadl ^j-4 *J L& 4 \ . ,, A 4jJpldl Ldudl CjIjjJj w 3l I 

La ^Lr ^12 ^ j^ jd I I Jubj i Cj Lj^Lj ^_yz 4_j La 4_11 j\^ a I I 4 d i~> J L?c_aj 

^j-c, CjjjuaL>J 4_dtdI JubUdJ 4_*_»ldl 4gdtU ^ujljJLI Jajdl 4 jJlij 

1 3 -dI 3J_Sjj9 3jLU dJL^j Jaljdo ^L»gAI 


(14-11) 
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12 


2b>juat uUij^y i 


4jJ-L>JI 3l_l_>Jl t I i S\C JlJLJ 

i CjLl>. i^*iII aoI i Jft.3.iJ \j 

CjLojJjlI I 1 AD >~1 Qt 4J IjS If ^_yjLj 

I Cj 3t_u31 . CjVI l^lVIj 


Li-fl^J ^uaLil —ill ( 'aj^ujlA JLLa 

yA> LxiutUj UjSL* S Lo^o Ij. 1c I -L& 
l^a.tVnn> ^jJI <GjJu»JI 4-u^^JI Sj^wVl 


t^jj^jl jJJlII I-LA •(‘J—f-ll 

<Lc.LLl^d C7^ 3-*Lill Ll^.jJj )^v" I 

cjLujy^JVI ^Lj 4^jj_jtil iCjLuj^j£Ll , yi 

j jjj > .Nanelectronics ^-j^jLiJI 

■ Ijflll (J_O <bl ^-IX ^J^£Lll (^jl-ill 

tjl ij-uaill IJL£j I c_j_ill (Jf^ 

Cj \jf - uijj\ l^ill 4^ LiLt3 



j^l-u-LJ^JI 11^ ^uiLu <11 1 ^ <nij 


. cjlojj^i£Liyi 


■■ a ^' J-* wr^-" 

jjl—liiUjj ^.LLo 1 jji JJ_« 


!^-^> I liJ 1 A _3j 2 J yj Lo I J ° l 

Ll*. jJ j-iSLj 3j^j ^ 1 _l 3 ! wjm a 


)'—3 


3LUI 


j_ jLJI jq_JLc. 

LaLcj j-l£- cjlj 1_ a 

« Laj i . .In" >.iii/ii _L3 $ I 
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u‘uxijjI ^Li^bL* 

L)^>* ^L^jaJI J .a If ^La LajJr. 1948^L*JI i^\ j^u-uj^i l^-llI ^jjLj£_>-^_j 

_Jl pAjj U^Uojj Walter Brattain ^ 1 ji Jllj j John Bardeen (jjjjL 

3^_jJI Jj» UU1(1- 12 J£—oJI) William Shockley 

i JlA JIj -LSj^j^Lc-L t 4_i£j^_gVl 3 ,1 tt" M CjLjVjJLj 

1956^UJI ^3 

. I 4 J 4jL$j V UaLaij aSj^jl^. M 4 ^ 0 La I jL,iua 

3j i« i^> 3 Jl>-j j-A i I lL >1 aLg-uaJI ^ jjl _ i-ujji I^JjJIj 

4_J}L». ( jja jLllI jj^gj g »nj tjLilll ^3^-^ 4 ajU^j i^>- 

i 4_Jj Ji*-I jJI jLuJI 1 £_ a t nh'S-j 4_jj j-y OjIj jL i 3 4 J 

Ly k- IjL^I ijlxtji 3 j— i ^3 t1 ^jja ^j£La Lg_<a 

4_3j^-L> 4 1 Jub 4l.gr. l_j^L_u I (j3 ijGJ I . jj>* I j l_G 5 Jl_Jl 

.^j-u^LU 4 J>jlII CaG1jl>-1 i 4_^jj_^JI SjjIjJI ^3 J-cr. 

t _ y j9 4lal£Gll jjljjJl Jjj (_yii 4,j,-.<MJJJ CjLj^£Lg£ CjIj^j _i_ujjl^jJI 

.(jjj ...4JiL^JI cjLSj!! ^LjlI! ^LkJ!) 43LVU 



U< : f LjJ^aJI c L g-Lc <jr}J ^.».>j Qjj—.s> : ( 1 - 1 2) j5L_jJI 

jJJn 4 (jL-yi*jJI ic .((j*_g_J) ^ lr i_d_J5l^Jl) _>jjL IL^JI) 

. 1956 |>L*JI cLj^j-ill ^3 < _ r i^ 
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al * ili\ 

(_yJ) ^-Jj-^SLlI jLpJI Jj-uo^j ^.Ll l_£Jj JuoJ La^j _iI jl I ( n ± LLISLqj 

d^LLaJLl J!Lq 4_ljlx. J j j JttJji Cjljlfl jlLa Cj^A is> 

Cj Ljj^p£LI VI juo ^.Li fi. Lu < 4j < 11 I jut (^yij J^j * 1 , 1 ->J I j l 

^ <«Li <—3j^_*J,lj SjjJJ jl jlLIj 4_iAjac_>JI 1_^alii£j 3j^>JI 

Sji _jj>.) 4jjl3JI _> j_tl jjl_s 11 JJ . jisL£3JI j I i *=* 

Jj h*»^j (jx. 4-jj_«_uJLI 3j_>J I CjUj^pf^IVI 4_bLii^ l g j 4 

3jj>J I Cj VJ 4^c-Je->J I 4J3 b$> 31 i_y~* <i < 1 1 a I^j I Jufc t Cj LLsc-i!mJ I 

jl 4jjj_ij) 4_)j 1 ta1I ^-^C. 4_JjL*JI -i \^l I —3 
Cj^-Li-o^-ll dLu"iT ^ t «l 1 Jilaj J>I 3 - 11 j>>3 4_X^a-^o cJI_LA (jl Jloj 

< <i Tl J!lq iSemiconductors 4 _L-^Jll 4_j_c jl^ll) 

I jL^j ^ju3L3e_i V — Cj jjj" ■ - j * j_iJ I 4_X, Lu^a 4 4 j 1 tiLt-n V I J Ijl I — 
4±\XJ\ j I, i 3 43 j —jj t ~ 1 j ^ i 3 Ju^jS JIj^a l ^ tjSJ dl JJ <_3—j 1 11 


♦ <JjL*JI 4 Lua^JLl tj'N-J La 3j^>JI (_yi3 4j-a_at^J I 

^st_> ^^_LjLa^_>J I ^ t r\) 1 1 4oj^£LJI 4 j 1 1 j-i-u ijlill j-i-j *-" Lr^*^ 

t^L^jJI 1 ^"1 cJa (jjjl a jj)j 1 a jl jL_xLo cJiJl^ jj 

l ^-j j^ 30 (j-uLstill j-LoJ (j^. L^j 1 

D1 i ni I JIc f 11 ml 4 j J L*J I 4_B^_iJ I 3j 4_>*j J JlLc. 4_j I jya I 


LojL^j 4-dju^il D JlA jpB 1 4 L^a^J.1 _5l^_lI ciJjl m Cj^Ll-o^JLI 

. 4 |J^\ «3 ~Pr 1 1 1 Sj ^ J 

4.C. LLi-cD Lc._ iHj 1 3 jLU — jj)*\ j 1J_uuJ I J«jualc. ll_>- L_}^ 

UJ1 Laj I JL>a l j r J3 (3 aj » o 3 JL>- l^J I 4 jj j jl^ ij L~l^ — lZj 1 njj 1 ^-jJ I 
L^ 4I CjUj^:i< 11 ^a^jlf jllaj 1 j tC jL tj^."^ 11 4_t_)j! 

i Ir-Y t jj)*\ J 1 j (uJl (jj^S^rJj . ^(t I ))2 — 12) (J^ liuJ 1 (j\ XA 

i 4 k-u-3j j.x^>itll (j^a L 4 J 3jjLae^a 3j J ^_a jj^*\ j.Lj. - i.nll Cj j j jpa 3j j 

5 J_>»I^JI 3j jJl ^^ is-\~ (j-oj . 4^4 a!-i_ujJI 4J«ajl^JI (jX. dJjj 

jr'_x>3 1 cjLjj^~i5C Ij 4 jj\ 4_1 oL^> 3 jj)*\ j 1 j <_uJ I ^a 

.(3 - 12) JlcJI 
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(I) 


1 

- ♦- 


j! 


OihSJJ 


/ Y" 

/ V A * \ 

' ' ' ^ \ \ 

-* 4 • ( • ' ► ta 

\ A 5i v 1 


/ 


/ 


/ 




^fllS^tll jljL® 


*• 

J 

I 

\ 

V 





-/ 


A 

3 ji 


\ A 

3 V '< 

/ f / /"‘"A \ ; 

1 t t V J? > f * 1 

vv*y / ' 


\ \ - 


♦ / 

/ 


^JL^ 1 (V) 


f^jJUJI (-»*) 


Lie ni <Tt (jljJ ^iajU~>i i : (2 - 12) JSLiJi 

Gs i^jJL&il (^)5t A.S (v) ‘Si Ij nJl ( 1) dLxwl 

.(mjUSLII I1L& t-ilj-a 4 jJSLiUt jutil~l |«J : j. li^lt 


( jr i9 a La Hi I (jpS j n Sjl^v. 4_>-j_} J le.j 

1 * i ni< L^jI JLa ^11 l^-Laj I JjjJ 1 4-a —lm ^j, I„,ri<1 4 jrt i 11 

jIjlU JLcj^I ^LIjj .(olij^j 4 -uLoj) I ( yx> Lr ju^ 0 i^l\ J—r»JLi 

Cjljj 4 ^_a1_ lxlA 4 ~r Ci > 4jjL<m-!1 <TjLij^j£L!VLi (jj)^jlj SjjJ ^ 

4jj>-jL>J1 cjIjIjlII 4jj^.jL>JI L^jLiLj L^J Sj^LseJLI ^jSLdt mil 

<S^S~i3 * (3 “ 12) _*^11 lt* J) 4s 

3^>JI Cjljj^i^j^l L_> 1 ic. ^yJJ ^j^SLlL—«_ uJI SjjJ jIjJLI a7<S>I 

(jl ^A£r . 3j jJI J l^.fl"i A U 1 iCjLljC-Mill 4 jJL —LM 
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4 all SjLfl ^j^DjjCu La JlaC. ^_diM^J L« ^jLlj-^u jlj_33- l^jVI I Jl^ 

Ij-A ^Jp9 < l^-iic u —JJ_lL ^L*—CJ Jl 1 u~i a J*A Uij ji 4 _jJL^. 3j1jj>- CjLwjJ 
j 1 j i n H Cj I j j (jA_j 4-1.4-&1 t uUl tlsjljjJ! ^3 ^>Jjj 4jjIjj>- Lis ^Jl ^oj>*jjj 

jlj 3~i i pi «Uij-c.j ^JJ ^ LJL I jut ^ jjjj 4 L^SL^j Uj-ii^Cs i _ J 3 uu_ uiju La-4 

4-L"fc> j L>J I CjIjIjJL! CjL>jj.j£JI tj jJj_>o 4 jl a« 11 0-LA ^jX. ^.?r i _JJ 4 Cj 1 j jJ! 
.Holes l_jj2ljJ 1 j! CjI jsrdll ^ljuojL) c_3jju La 1 gl - *- a ^^3 4£>jIj CjIjJlU 


•si 


p • 


• * it 


j^lSLliI j|jl* |0^uLi 


•si 


• » 


•Si 


4 4 


* • / 


•si 


• 1 + 


9 Sl 


h\ * f 


• • • 


• •• 


*si 


*' /* 


•si • 


♦ ‘ 


o-* fc-“ 

•Si * ? 


^^ULiiL) l^iiaJLJ |jjC x 1 . ...tt CjIjJ JsLCjI {£—±3 iJajo (O— luj : (3 - 12) 

4 In m 1 jj Jicj 1 - 1 i a ■ * (OJ :j JU^X t) jjS» 1 1 1 m 3jjJj jSCJ LdJ I 4 tn 1 I^J t 

.(l_> 13SJ1 1-Lb 


4 _; n>j L>J I Cj I j I Juoil L^jj^Li-A JUx 4 _jJL_u-J! L^jI \ t <~i CjLjjjSJVI J-o->iJj 
J-0-3O 4 j yj L>J I CjIjIjlU lLLIoj L$£jj3 < jt jJ1 Cj'jtt a H dJ jJ 4 3j jjl (j —a 

IM 

CjljjjIiSLiy I J JlC. 4JaLi£ jJjj JJ Jfcgjl 1 J_A ^jX I j!ujJJ . 4_jj>»j_a Cjlxst-Cj 

CjI jgt JuJ 4 _LqL_>J I Cj I j Tr 311 JJlC ,^3 4j9L£ L^LjLjj t 4_JLdl CjLi_?t_JlJl Cilj 

c * 

(jjJl J-4^1 4 4^JJ>J 1 3j_L.X 4jjje-) 3JJL>»-I I CjLjJjl£JV 1 jJ-aljj . 4_iJ>.J_A 

CjIj jJ ^j->-1 CjIjI Jl 4J J-Zi CjLLx _iUl 4 _l>.j_a CjIjtt^ _J 

. 0 JLX 1 jJ 1 Q J^V jl.j i.nl I 0 J jL) 1 J 3jj l^e-A 
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OJ lA <jl—3 .cLJUJI 3jij Cj \ >~j jJ (jloj .* ill j 

L^jio^wl CjIj _3e_aJl ijr 3 *_dj_lu La <jlc. 

tSjujL^. Cj!j-3e- 3 l-Aaljj 4 Jil V 4a t3^Lj Ju>- olj-ae.3 yL^-ij ^J„. ~iixr 'll 

3jj-L» tiJJlLjj . LfrJM^lj dj 1 - ) jj~X IVI J^_a I 4^j_^jse_a ^-j 

,^-3 jIjiVL i»Vi ^Jx. Jya 4JU C 1 1 2"t il Jl 3 Jj-ajJLl 4 _j—JL 3jLa 

Jj ^jju La--a <4^jUJl L$j IjljL- IV 4^il _}j 4_lj I js 

J^' 

—3 tCj^'Luoj.ll ^Lj — »ll j-4-oLul! 4 j 4 411 oijjJbJl ^ _3j 

4-ij». j^a 4i»<H (J-4-^o ^-4 41 -a- a L£jLj ^31 Ir> iJ £jL>Jl jljJJ (j^a jjjs&jlII 

ft 

Cjl^jfciJl J. 1 r ^jl juj 4)^" .nil 4_dl_ui Sjj^aJU JJlC.) 

£j_lC. j! jj^aJ.1 jjj— j£JVI (j-tulJ L^-iJj c—iJv as ij ^4_L»-(lil 4 j^a 

4jl 3j^a 4 J^Ij_>-Ij q3J 3jj£. Jj-atxjj . (j^a 

CjUjjjj^LJVI <«jLi. ^^yjj Ijdiu 4oxol> .1 a n~> 5jl_U (jLs 1 i^>V I 

^ s 

4_ia & ^^3 I I Ju [.LA (j^aj • jJoju^^jJI 4Jjj t a 1 \ 3j^>J I 

4j Lv ^3 L*jlj 3 j jJl i 3j_>JI ^ya j-&\ JJuC, 3^ 

Dopants l-^ 3 <*ii 43 Lu»I 5j£L3 cj^L>. Lla • j Ij-aH t_uVI ^jlc. jj^a 

l$_l) 4-Jl » <1 Wjljjlj ‘ ~ ' -—J I. ' fll 1 jhl I I ^-J_oLLC. Jj 

4-iJ>.^>a CjIjjsb-3 L^j) 4_j^a (5^->JI Otjj^Ii^LlVl 3 _4 ^jJ^jI-3 

^j. 4 i^aJ Lo^a (L^Ji 4J-5t_tiJI 4_jJl_ lm CjLjj^j^LIVI ljJlaj 4 1 "*■ <"»t JI 

^3 (j3^.4^) ^^Li-uVl 3jLl !I j I 4_t 1 s> La*. 4 > j 3 A~1 lu\ 

. (4JUJ1 &.JJ& 

<,-^3 i~> SlsLussI 3 ^-^° Cj^~ 03 ^Cy* 4_±J1_ lm 5j^L? u3^-^3 

As P jj^ ^jJL 1 0 L 1 _il j^a j! j^a j .^> 1 i • t 

L^ZLsLubl i 1 Ic. L_-tJ 1 j-iluJ I <>JlA L-aju. .»~j . lj_4-oJl Sb UJ 4 j~ >Vlj 

4 t j_aj .405*_ilJi 4 -jJ 1 < <i 3j_>JI oLjj^jyi JJlC. ^ _3 5j_3j 

3 >ajJL L^J Jpajjj Negative-type doping 4 JL-J 1 l-ljIjJJL 
jlj^a ^yjl t J_ ,l,rff>ll.tjl jLj^' ^Ijj s- 4 ^—N-type 

^pCLjjJI) (j^a Cjlj eii^Lt-ojJLI 0 L-til jj_a 
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4 1 11 gU JJlC. J_o_>o LgjIjjJ VI lIjIjI jJU 3 I ^ i tj Lq_4 t LS~J I 
4_*jj1 —i_uJI ^jjj^JI 4j3UdI .i if j . JjslSUJI 

jtjjjijJI 3j jJ jl jJLIj 4 mi a jnJI Cjlj^pSJyi >1^34 oLUi^^SJI 

Ljj 1 4_*jjVl 35 ^ jGi.uJI lIj! ~ ^II LiJ^ZL^uj ^<(i »»2 — 12 ^JSLcu.ll^ 

I {jja JL>> IJ 3jLH^! n juj 1 g Ijj * 4 j a A» L_aJ 4_lsaj Ij U>a 

JS *.<ij I n-i^o US' * 4 l^> 11jJ I 4? Ju* ^^3 <_dj i ijij ^ 4_Jl i-ti 4 I~>iiUl 

^yjS tjl 0 JLA ^ f>" L^j- 5 ' as-*-" cr 1 !'—(4 - 12) 

lZj! jU* U jl JJ} Lrt_) LI Li ^yUi U_»U i 4_iJl_ U I I^J jS-J j 11.11 

. cjI jji^?<SJ VI ^_Lo _U.~ 11 Laj^j l^_Laj cd t Donors 

3 - ^ df_j«11 i_ij _ j-3 -* ^ U 4 ^ ^ *-ca j_y3 ^y—jj^SJ I Jj yd I 

4- LqUJI oUji^SJV! y* ^-UUJI ciUj JMU y* 4 4_J1 .Jl cJj^iJI 

« 4 * 1 Lu^ I ‘ — * 1 <gfc 11 

iiU] (P-type) Positive-type doping 4_3jyL» ty-j^SJj 

( JU j^LSU I 4 n>jj _uo^J,l dL_Jj I J-4^U ^J-A J lS~\ lC 4 i^lj) 

^^ULiil 3jj —n>uj .B jl ‘Ga —jJL iJ! 4 In —jjj^M 

aijl <‘ill ^ «_>»)) 2 — 12 JS_JJI) oljjySJJ 4 j^Lj ^y U I L&j I j^a 

4_*_jjVI cjljjj^Sjyi j_a 4 ±o. aUj 4Injlj ftLUij U_u~>- 
^yU^ *(^ — 12) (3^ liidl US ij^SUj—i-uJI 5jjJ ^blSnII jl ju4J 

(_yj j ^J—dLiJI ^ 2lljoL j 4 4-d 1 41411 SjjliJ I _ a - i n 411 

LuUij^ ♦ j^iL< nU dj j 4 j.a aI 44ull 4_LajljJI 4_j • 1 Jl> Jl 

^^uLiji 3jj^__j ji jlUj Sj 4“S iy i i jla ^-jLu. ^ r 

^U>u 3^3t-aJI dJukj . 4 _jj>.^ ^ <jy 3JI Hole S^scUlL) 4 _S^jlj 

JJlC. JuI^j ^_>QJ . U^LaaJ l_j 1 tt ij ^yS 4 jJLlu 4J-^- U ^ j ^j^jJaSJ| ^_yJ| 

fi 

J^yjs L_£|J_*JJ jLU ^ Jj 4 ^>^3 ^ylc. L^JjJl^ jbj^j SjjJjJL) 4_i>.jJ v l 

4>i i u~l 11 c_>yUojJLI dUUl 1 ic. 4_a>j t3j 4 d , j 11 3j^LJL) 4_!L>J I ^jla 


I^1 3^j>JI UjII 4_j ji_ _>u oljjaUJI dJuk (3^ 

j? 

.Acceptors ^_i_uL» 
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si 


* * » 


si 




SI 


jjjjjJI 5j jJ 


jtjjjyJ I 3 jI—4 j.^n * * I 5jii 
jjC > l nnllaj^JLJ 44 Liill 


I j tr>\f JLsol jij Oj^j 1 j nit I 3j^Jb ^ylajJaio : ( 4 - 12) jSi >t> T t 

dJjLi-4 j-*ii I 3j Jl} 4 *> ^iUI lJLu w>^_i ^JC ^J|j . l^j As 

|«j : j.Jtrtll) j^S-i.L— mJI wlji CX~i 4—»jLoJI 4_t^Al ufajl 4iajljJ! 

.( l_)HSLII IJL& t-4JJ-<9 4 U ,..lj . JC ,T.tl Jun t~j 



SI 


SI 


SI 


*1 If 


* 14 


* * 


Hol6 2^>id 


3jL-a j .hVi it 5jj 
jjC , I, .^tl Xjjt .t 


LkJ I 
J^SLi 
e-4J J»a 


au£ 0j>^» J ' J Bji^Li CX~t^ ^lA^IcaSu j : (5 - 12) JC i7il I 

>j L*-« L*jIjl*j «l>Ij jij^c u->L-lc JC .Uij . L_^j Ga 

l$j JSI >mM .1 > <i„u |«J : jJu-all) . jlJkll I JJt> I jmj3 4'i> in)I 4 >>» 3-4 

. (ujIICTI ! jL4> 
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j» 

oLjjill ( 4 t.'-w^Ilj 4 -jJ 1 i-gJI ) 4 3h V U *jl_L3c_.HI CjI j CjIjjIjJI Jl*j 

4 3 j-jusjj c!ax>. i jjLtxi^jljuJ! L^-Lo lJlIGj ^_ y jJl 4 j_i_u_ijjJI 

.Junction Transistor ^^LuajVl j^~i<^I^ jJ 1 ^-uL> La i*JJj 

^Jl jjIjJjJ! CjL^I 1 jin jlnir"i La t_uj (6 — 12) 

L-flljJo! 4 j^Lj Ljr lc. 

£^-a ^a-3t_>Jl 4 U < 3j^L 3^3 *E 4J Emitter <±*£.LJ11 

j, l x^a j .mj tiua* (N-type) 4-uc_JuJ I 4_J L_u CL»}Ll^>jI I at i 4u V 3 jLa 

-1VI oIjIajjI 

cj>L^d^II aLuiI ^ya 3jU3j^L iBy^JL L4J j-a^jj Base 3 jlc. L3J1 ■ 

* » 

^a^eJUj CltcLiJ! (P-type) 4 Isk. Mill 4 jn -ya ^jcj>JI 3^jt n-> 

. L^j^Li. ^yA jj^IL 4~a im d-jljj^jSJ^LI ^ a-• «3 

tiJliJl u-SjTaJI iC j-a^JLi 4J j-a^Jj Collector ^aJeJJ I 

<?Lj-lLI ^j-a 3 jLL 3j^L 3jL if- J-Aj ^yjl ,nlVI a 

9 * 

cjLjjj^JV 1 ^a_>o (N-type) 4 j 11 4 jJL-u 3 \j-±& cj^Lna^JJ 

. (iJliC.tjJ!) JjVl i £yQ 4"<a ilU 

M 

c_a IjJd V 4_aJJJ. I 4 _ltw^-I I j 4_J 1 luJ I lZa Ijj^I 1 11 i . ■ yj " 3 i 11 ^ ^3 

L-4JJjJ (jl-3 i NPN ^lu-uL) 3 _Sj^Jl 1I CjIIjJlJ I ^yA ^jL-iJ I £^JJ! 
Liflj 4^ljJol lJjJLjU PNP ^_*-uL) I £yA i g^iJi 

.P-type .N-type *P-type U 

CjLj^SLa —j Cj>L^d^J! 4 Xflj$ («->■» 6—12) ali11 -ijj 

Cj>L^d^JI ^j-a ^j^a ^j^5kV> NPN ^J-Lll j^u-uj-Jl^ijI 

3J-C.L3JI ij^-i 4\i^»j 4- nlUlj t 3jic.L3Jlj ih _tLJ! ^jVl ‘j lj ^U. 

fjj a t nj ttlj^Li^D^J! y^a t In a /II ljuk . ^-a^-Uj 

(BJT) Bipolar Junction ^UiJVI ^AsA ^Lu jji—«yJil^iJL» 4JUJI al* 
i oI jjI<» y^i1 ^ja 1 jla ^34 miILi ^y^j^a 1 a^j .Transistor 
,4^jJ| ^j^LlLo On/Off Jk. jl JjjLij ^Lka (J^ju B 3jlc.L3JI |^^3j 
4_ajl_2_a -uJjj B 3 JlC. LaJI ^1 E JLlC. LjJ l ^j-a jLjjJI jji^o tit » n'n t.^i^rw. 
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4 ^LcjuaJ 4 _i_ 


dLull (%Slll 1 < Cj>Kj4^jLj 

b-uVl 3jlll) dj>L-s»jII dl_j_iil lIjIj j 3 I 

^J| > \r\ n°i u-SJL^j V LajUj I (JT ^ 3 1 ^ i ujl* 3jLc.[j ^cIj Ij^Ii i uj-i ijJll I 

Lr^ La j Jloj t^JLuaJl 4-j^frl m a jl 3 _a L;r Ll Jj-jusaj>JI 

1 ^1 Ajj 3 jljjJs < 3 - 0 ! 3 -^ 1 3jj a~ 43 3juJl>- 4ojj^ 3SLJJ Ju 

c2jIjJ_3JI clilj 4_jlj^_i_uJI lIj 1 i < »L>J 1 C_)L>»JLl>3 £jja 3JuJl>> (JLa^-I <C.LLl^J 
3 ^J ^aJ 3 juJl>. Cj\ — n-us L^jL j-iu£\ ^Jj_» 3jLU J Ju^L* .4_JLJ! 

4 - 3 r _l~ ;< 3j, t iS\ II 3jLU L^j_ I .o^SkJ <h\ dJLAj . Lf^ 4 \ ^ Lba 

3^3 tdjIjJU 3 ^ ^j^La 3 Jlxj L$J 4-j_a- Irmi II 4j>*l_cu-11 3jbjJ 4jt j Jo 

j 4 \ m a c2j_iI£ 3 ! Jlaj ^lru-u')l\ 4>JlA 3 !^, Lgjiji < 3 ^ <JjLa ^ JJLH 
4-ojL_ u ^4 Lt^_cuf U£j .3 ji uVill 4 jlaf ^La-jj Jo-3 3 jU.I lZjLla^n. 

4j 1C.La^ JoLxiu -1 3 ^ Jujp _i-u^M 4^w 1 mfl 3 jbj 3 La t c_jb£JI IjlA 3 _a 

4 Vliba ^LfcJ>-Vi lZj l_i_i_LJv. 3^3 (JjSLlI U-* a jlII j-1^ LtJu>.| I jLa iSjLJLI 

3^9 I jj t4 _j Jo_j_>o J—aI 3 X. j_4j ^j^-Lajj ^ Jojj 3 __ 1 ^ 4Jil Jlj>«j 1 L)p3 

1 ^ 3 ^ —< _ 1 AjJI 3 -La CjL-^>. djj.t .1 La I jl 4_j I JLoj . L J —aL>. 

^jL5t3_I jJ 4 L^3 L:r l£,L^3 igl^j him (_ ;r l^- (Jaaj <_lU j (jLa 4 j _jLlJl 

. a 4 ul * ^ iC 

(jLa-Li -6 Jjl—ji3jj (jlL) I JlLo (jjt-9 i 3 i.^ > jjju a ( j^a ^ r jJl Ly l ^3 

^pa uj“^ ‘>>Lli! I J> 3 J 3 3 1 OJ 44 I 4 i9 LLI ^ ~_ 3 j 

uju r^ij Jl^ 31 La La-s 4—^ 3 ^jlc j_ui dJI j La 3 —)LJ I ^a-Hx. j —4> 1 3 .!^ ] I 

j I 3 JLI (j I jjb 3 4 Li_j 13 3 I jl^ 3 >s I jl>. 13 Lli i~u tiJ 1 _La jj I juj . Lib^-i. 


uu 


JI 3 JII 4 JLv. ^jLs . 4 X j I ^p 3 ^J Cf^-i 1 3 ^ V 4 ^ 3 - 3 LiJI 

^j_4ijJ3 ^-l 3 J I kLi 41133^3 L^J 4 _LiJlJL I l3^J I ^x 9 J 4 «~3 4 ^ L a &j w 1 3^1 >*% 

4 _j 3 jLl 1 ! j'3-U ^>-0'3-i- ^ J- 3 I ^3 4 l^jL j i ^ ^>-^>'3^- ,>£. 

Ir>~<j ^LUb IJLA3 iCt Jl>- ijA^- 3-jLj 4 hi-v ^3-^^3^- 43 J^a JU ^ 

^111 ^3 4 Quantum Theory (^ ^jl^l) ^aSJl ^l^i! —al£ U^43 

l^b 33 4 33 ) (3^ ^3^ u- lIjI _iL 1 4-J 3 In j 11 

^3^. i-^3b_i 4 jLul J^j I aUjjbJI JI 3 JU ^ 3 / i 4i>3 ^yic. jji b~ 1T 4_ajl3>a 
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<tj j. 1 *~l (^--ul ^-11) (*£J1 4 qKj - J Jja^jL 100 

1 La f., xm 4j^>u j! ^ j tnrt'i 4 ~Tr j~i > 1 3j.1t j is\-r > <j! Laj 4-x4- < C ^JLuo t 



jIoj 4~<« i 111 4jblJaJI 4 j- 4^ jl Jl^jO ^£L1I 

cjLjjipSLI>U jjdpjfcjI ^SUI jlsjj .^cO—i^i-a J< Jmj 

L^It ^ !.£. Vj JjJu V (JUo^. Cj^Lxo^JL! g l i Jl Li 4 n I *lJL I 4 ^a1x! 1 Jlj 

. 1 . V iv i ^ ^ I a ! I .~i l ^ -w- ^ I it*H p ^ aTi t 

l£Ljl£L*a (j-d Jj^uxoX! Cr LJt! ^4^JJ <j? 1 i <■ - l2n La jLLsj 

lj^sZiM 5jL i£. J± 4uLl-djj Quantum Mechanics (^ .V>1 j£J1) p£J\ 

{ _ t 2 1 V <v~i mj ^ J II Lj^_uaJI £_yA _oil l/.U j 4_j 1 ^lr. 4 li j i_u_> dj\ .qKj 


4_*_ijlj^j ^a-jjulj ^jJlj ^Jl 4__j^_taj ( j r Ll 4 j\j ■<■»Lmt 

jll c.j . (jr ^x r tj>Jl jJI La I jji—umja jlLc. 5jUI lJ jp mwiu j 

V 4±&Jlj i *11 j i4^LLaJ( Jjja 3jsl U (jp3 tC-iLpi «_ull dJub 

,~> 1.j.-»■ H jl ^LjtjwVl olj Jljll (jjS c-fl^JUa yJt L*£ CajLj J Julaj jj 
a»~<U 4-ijL^.j.n 1' 4p3 cJlLd^j ^ jJ I ^rU>JI ut^_3 *Sj—jjSJI 

lJijudj jjyLi SjJlIII L^J ^5L1I l£L_Ljl£L_|_a ^jLa m~wVl 4^->. 

j^j4^jLl!! ^1 rrj4 Ll>. j^<u L a-uoj OIj jjIj lZjL bp>J! ell jL u 

.4jjJ Laj Jl>.I^J! 


< n,t<7ttta 


Moore’s Law j>* 

jya Gordon Moore jj_« ^ >>V 

cjLj^SLa j-LLJ fail Intel 4 S^_cL — 4^^-cL ^iu.< «< L3 

CjI jjp« l^pJ 1 J Jl£. 4 jOC.I jua^a (jl^LaVl ^3 4 _jt iOli < <i 

Central Processing Unit A (CPU) 4_^jI!gJUJLl oIjl ^ 
(jA^aLc Processor ^JLJLI 1 ^jlr ^IUjI ^.<^>‘>,^1 La 

fi 

j-t£i t_u1 La U1 4 j! (jA_>JI LiUj 4 a ISj OJl tilLij 

4 ^Li^ t 4 jj^j 5 j^ td~it dj 1 l J Jl£. lJlc. Luall! I 1 JUb 

jjljjJI CjL^Swa Lj^Li 50 j-st-i t rtjllj (jyia 4 .>a, liVl -,<<i,tl _«JI 

La ^J 1 1975 ^1 til J^LfcJ i^~iI £JUjZ L-k^.,..A4< 4 Xol^~U 4 
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e hr« ,„V1 I J-A l_3j_*JJ . 3 JL>» IjJ I 5jj1 jJ I (jj£La L AJ ' 65 j^-l-C. J__JjJ 

cj Ijj)*i i«jjipil 113 ~<miU 3jl*JL j i TiI I jfrjLgfc^_i_uj ^ jJI jj_a jjjLaj 

mj l—jjjL3J I I JlA ( _« r A- j <i~<r I jl 3j . c_j _L-uL>J I 3j^jv I oL>J 1 a 4 i 

<uJVI Mj_mjIjj>JI CjL>JL*j3 ^LuV 4 rtjlnjj I>' CjIjjj _«_ujjljjJI _i^LC. 


.(7- 12) JSL M\ uy±* j* L£ <2007 - 1971 J>U 

jJI 3 Jl£- (jj ^L_lu ii I tn~<_(As ijj^jAl (J^ Mill (_yJI j In ) I L)J 

4_lxj- 1 I 3jlAI (J^Li- t nf 1 j s-\\ Jl3 c__4 lmIj^JI CjL><J1jlx ^LLjI (jr^ 4 31^jlI 

. 3j_a (JJi 250 j**- ij 

jjUJj LmvjJ j »SJ Sjl+jjUI oLu^btll jLu) ^3 ^UjJI (jAjLmAI 

LAj3jj (jJ-II 4jvijjVl CjI _j}3*UI jjJ (j-fl 4_j1 ^3 tcil —A 4_J ^n jJj 

<j-a 3 Jl*JI IjLA (J^-udjJl (jSJIi (j^o jl£^ La ijjLiJI LjwjJj l£j 

Li>_iI JL£. I (~| In jfcj ^^jJIj i Jl3- I jJI Ltl 1 4jft. 1 >'i < n I, I mjIjjj i_ujjI jmJI 

I j_a ♦ 3j^j j LAI I j^>* L».«2 ^j-jj LI (J AI ^—I LA L 

4_aiL Lia-4 (^Jjij Jl^- I jJ I £.-1Ul | (^3 mj I jjj _i_ujj IjmJ I j_a ;Jn 11 Jj JL*J I 

3jl3 jlJU 4mjL_m>J I mj l_iUt 11 Aj^>*l (^3 4 m£.j i < j m_luLJ I mj!jJl3 

jj-i-aJI 4 _>JL*j3 ^_3 4jIj Jl3 4. ac. LJa_oj iSjia-ljJI 4_jjLJI jya jj__i_u^ 

t jjLJI I j~>- mjLmm3 ( *m 3^ ^ . Tlj a j • ^ ,,. tl J^LmjJI <._31~ 

^3 4-a, 1 i«>II Mlljj~ 111j>jI jmJ I _il Jl£ 1 I 4 3r Lja_o jya ^jjl 4^j JL t ~ > 

90 ,^11 ^^jJI cA-uaj (j^JI i Lb_iLu! <-n~i (j_c. l±LI jjj mjI_>JLAI 

jyaj . I^JLo jjL 130 jjjj ^Ij£. I 4 _mmJw j_Lo uj jf Jju IjJLojjL 

ciJJ jij IjJjajjL 50 (j-a (J^l (^3) cIj iljJJ i_ujjljjJI jLljI (J-u^aJ (j I j ln~u.ll 

— mAI ^ JLomII AUj j^a jJ I • 4 11 a II 4LI 311 Ij-i i-uJI (J}L>. 

mjL>JIaJ,I 4»C.I_Lm3 1__jjmjJj_I£m (jLs iMjl_>JLtIIJ (jjl^jJI 4jl i lius ^ _3 

j-3Ju l_4JS t AjJjLII L^jIjJl3j I AjL^j ^1 Lj^ 3 J-i-caj_u 4_JL>JI 

Li^jJj;<~i jjL^jV jI£mjVI ^ _ l\ 4-jjjjM^jyI (JpL^j-J! (_ 7 -*-»L-o 

Loja tjjLJI LjmjJ&JSm mi l j 13*i (_y - lr. a jK Jlqjjij 4_L Jl_i 4_Jl 1 im 

m) L>J Lti 4 jj^JL I mj I jjj _i_ujj IjmJ I (j-<a jJA 1 JI JlC. I L7 J 1 3^_t.*n tk,I I ^mj 

. 4-JjJJ~I < \ IV I M_4_MjljJ>JI 
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O' y\jl\ J-U- 



i t yiljJl < u lj^ *jl.If I ^yfl j iJl 111 : ^7 - 12) J£ tTi51 

.2007 - 1971 

. (uLaSLH '-LA OU j_4 p j -t-^ j-4 ^J5LuJI) 


Lithography ^ULJi iuj. 

* Lithography »U_ ^.LUJi 4-ila3 <j_c. liijL>^ Jj _ u 

<^3 IJ Lilli _L^jlj (JjI ^ya lIILj Lflij A La 1 ‘ne^>)jl ^.<1% 

0 J_A ^.i-l V“<< ill . 4-LolSL-U ‘~<Ijj~ ‘“J *ly.tl i juaa ^JI_5c_>q 

^ j o u-Vi {jA uiiJjj J£j i~u 11 ^ i In") * 4 j < rt"i H 

cr laju Molds c-JI^ j! Patterns ^jLL 4 La Lrr l^ Masks <*-£1 

*i jJ La^^Li jl».jP tjl i I^J.1 jLajVIj idJi—xfljj jJSL_-Jjl 

4j^_A j Jlt>o Blueprints 4_u^L_u^/! dajlj_iJI 4 _JJLlaj ^jLwil AJlA Jlju 

J J iAO {_yA 4_>3 jl3 4-0^ IS-* 4_* li V 4 J A t r^~ Jl*_) ^ jl^qjJI £Li3 

Substrate ^4JLlL3) aj. jr^l-4-d! o j_a <L.ia,., j^r > 


J> 

Sj^jud ^3 O-^J 4 j*2>!j_JJI 4x. 1 I is> ^3 j 1 j will 3_jLa 
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JjlIj .(8 — 12) ljr £ cj'V- 45 1 ^ Jjui>Vl J) I In 

C_JjJ- luVI till jj 4 j < rt" t I aAJt 4 _il_ JojJI ^Jus ^£jl_fl-I I 


U ^ V J 'SI 4 T1 j-ij£ _Li^> 


I j L=r js j-jjJ.1 

l_jLUI 



Lithography £_JaJ 1 j ^jji <uUc ^—Lut :(8 

4-i_ i ) ^jlj.Ji!l 

. (wjL lSJ ' I JlA L_aJj^a jn_« mnl | j_4 ,J^ t7iH) 


± ^ j » .. . 


Nano-Lithography gla^Yt LUtt ^ >iLUi <luj 

ill 4-J.l_*JI Cj 1 ^Lijl till £j. _ iZ j {_yA J-±& 

< Axla^J ^ lc. , l 4>a. 1 n~ a tlj L-i fl*ij (_Jj 1 i_uj jL£juY j 

fu-ul_) i_djju Lo_* i4^ jJI 4 JijI_ 3 ^c_La I ^lc. 4 ojL i 4 H 4»cL*L aJI j_)LlJI 

: La_A> (jlj_aj^_L L$_lS ^ J Vi i ,n j Aj^jLIII 4C Li In t! 

Dip Pen Nanolithography (DPN) Ly i^Jd\ ^iiJLi .Ull ■ 
Thermal Dip Pen Nanolithography (tDPN)^jlj^JI JjUI ^±SJLj 4 x.LlUI ■ 
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ic. — -«_aJI jl JjLjJI — 3"*^ ^iaJLl 4^. 1 1 lojI 4_3jj_L3 

4jjjJ! 3j_aJ I i_j^_ Probe Tip ( U u J1 t -1.U.A (_9jJc 3 i ^ j t^j~ 

^jl^AJL 4_^>UJ1 4jjjliJ! ^Li_i ^ Atomic Force Microscope 

jt 

^jJi 3-^_t-uJ 1 f^yA u_3^Li-j jL-<_tjJLI ^ 1 \n_) C.UJV- 4— 

-ilj-ll 3< jlJI Lj^£Ld Jj^LxLy_iJ 1 j^jLSj ^_La-i_ui jt i j-iii.1 (—4 i nfl^Lo JL iC 

4_j LiSL! I <* j 4 J 3 jJI 4_JLl 4 j 13" 11 ojjb ^ If. 3j) "< ^ ^ I 

4 - 1 /^JI jL^^I <±4 3\ l 3^ SjjlaII Direct-write Technique 3j_iLII 

l^LIo 3jlIjJI 4 __j > >LlJ1 jIIjII ^ If 4 _» 3 ^>JLI Molecular Inks 

. 4jlr 3j)3^JL ^JLa-iojt cr^ 
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13 


2U£jLtfl 


1_uL p* Sensors cjI _*cj_ L 

^V*1I A ^JLJ LgjLal JSKU _ J-L}\ l".> i>>lj 3j-i-oL*-U 

i - <1 r* 11*\ a t l i 4M U"t l 

j-Aljli]| Oj 5^4>-Vl £>JJb 

4.i.u JI ^JSt 4 Ij.t.c Cjl^-j-ij 4,gj>.m <jjh^_jjaJI 

LiJ^LaJ tljJ . CjIjI _Cl 4k^l 

i (j <3J ) m" 4J jU Ni'l I nVI 3_^>J £)J J^—iJI 

tjj m" Mill L<a-A (^4 < <i4 ^Jl *1 jVl Cf j> - 

1 4j4 4 _l3I 1 1S \[I j 4_niiJI Ljr ^Jj . Ij 

L_*_3eJ iCjLjL^JJ CjLaftlt A {jA CjL-uL-oJ>JI 


LajIjI ^jLjj Vlj 4_djUa 4 _j—<- ul i q?r » £u£u ,j\ 

J J *~\<\ : U • j>> tl L fl .5 U.J-W H L 

ij Lo£. 4j^la^Ji u-u-ujj3j1j->JI CjL>.j j 

L$J jlj-d {j—A 4JL LI^XA CjI_i_uL_uJ>JI LlUj 

^JuuoJI CjI jl_£>>l ixjLLaj J_ c_=sj L7 lc. SjJl2JI 

. 4^.jL^JI jJjiCijJ I CjIjI jCjfcVlj 


d i a I«1 1 cjIjLuCjVI i 

jlj—l' Jl—*^a 1 _ 3 —a 4—jjl^lll 
,> i AI ,L i La ■ a -» . i 4_i 9jLUI 
cr^ Ja j-a 

^1_- ul • -■^■H Ca_xL>^J 


j aI jUI I 4jjLLaJI ^——-11 ^ .«~. 1 1 

I Jj I vl - A I 1 A La^J . A 1 m 1 I L-v I I 
ir.. o^j a_Ui sZjjI afi 

^a3jl\ 
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i .1 ,.,i jpQll Ll^ yj.t5L) 


_L*J jL* < .tVl ^JLae-a 4 ±±£. ^3 jjLill 1 gzwjjj )^~i I 

0 _a jJi , Jl 2l3 i 4-a.JLfllHI jl_*_jJu-uV! *J ay C_>1_ 4 _uL_u_>JI <£.I_Lud ^^3 J") •ft') 1,1 

3j^w I -tiiLi jVI i_3jju Lo ^Lljl 4 jjI£u->M! oL>-j-3tll^ ^C.jJI 
o i ji3 .i jju^I Nanosensors 4 j^jLl!I oL-ul <.>^11 j jl♦ £u .<«VI 
-ll jll l^J 4M Cj\ rtintlj ^y=> I jiJl ^j-a ^-ig£ UllAj . jjLill LiJwjJjj£j 

J3j . jl>, ■ „« mIamVI JLat-aj ^ 1 Ji VI_i-dVI 4~L»Oj_a-i j!j>a 1^1*->oj 4 j^jLLJ! 

l^ijaKl ^oLaitJ I j L^jjj 4giiwj CjL-uL-u^JI tillj jx L?c_>. I J * ^ m I 

3 J J, t~i aj 4*$a 4 j3j jln*i CjVLae^a ^3 ^ wlifcj_<_uJ (jy ^ LfejLfeJjl ^3 4^>.Lijyi 

4jLcj_!IJ i jtUI f.[lA\ JLae-a i IJ (JiUI JLae^a I 

oLiLa-tJI _aj3JI I <4^1^11 *UjM- l-uJIj J^-aVl i4_ 4 _uljg>JI >4_i> unll 

oH 4 4i->Jl 0j3$ j La L£.jiwjj . ^ ^ 4 rr \ > nVl ^lUlj ^UajJlj 4jj5£ _iguftJI 

iIjIjjIU 4j^_4> .. V j Jljo (ijr 5 ^_ <_uLl 3 J^-ajj 4.i,frLua 43 4jjjLl!1 

ijy 3 Luajl O-d-Lsj ,\a4 4 In j I, I 4 Mill ^3 4jj. i~i*\ ill j 4 ^jjj£LlU 4 4 gjlg-aUL!l 
j. aTu (j I j ln~i < 11 j_aj . 4 _llu 11 jl In*>»Vlj j-jJjJI j ^gg il I jj_A JaJI Juusj ^Jl^e-a 

3j*ljjj 4-aJLSUI 4 jjjI_ 1JI jlj_ll ^Llj| ^Jljfc-a ^3 4-LudIjjJJ Jj_£_>JI 

(j 1^ jLilA^VI ( 4_j—4_uLi_ll>.j 4^j jl ^jl t5jU.I cIjIj Jlj MU I ^3 

Cjj^i (j I Jju 4_3jJ La CjI tt~i j a j_>Lill oLluLh-v CctxLal Jl3j . L^joLfcj>-l J-flj 

CjLI < 14^11 lLLIj 4JHII Jgj—4_u ^lt4 44g_a^UI 1 ilia—liuLj 4jtLtxa uVbta 

4_aJiitg_coll lLLIj j I i4jjLaeUI JL>JLI jtlaJI ^3 4jOJiitg_cull 

4,14^ aL^t jj-a 4JLa JlJJ uo ^3 L^JljL^ 3JaLuJL CjIjLu_u (jy 3 

43j-3ug ^3 iiUil£j 4 -3.^Ij-l I 1^3 3jlii.4i.ll 4^L3 jI 4 j I a C. (. Lu I ^3 L^j ^LLajjVl 

j 

Jjjjjj . ^JJ_4^lAJ 4jjIjj>» 4j>.jJj lIIj^JLI Ojj tint 4>» CjLjLij Ju-ojJ 

^M-l I l^_ilr >1. a~<tj ^yjJI 4 jjjLl1I cjL_oL_44j>JI JjLa ol jjLLUI 
I 4_5j-jl>3J iSjjLLUI ^Lajj Ij 4—gjwjL>Ji 4 jj>>JI JgaljjtJI ^—3 

JlQ iiuJ (j I Li-JjjC. I jj . 3 jjU=J I f. I jg>-1 Jl>- I ^3 ^_2j -L3 ^JlnC. JI jjliw 

_JuUl 3jLj ^yl\ IjJiu tiJJjj (J-igsljU,! j a i 11 IJLA CjI _t-nl 4 4i •>< II 4x. 1 1 is> 

. 4_ix3jjl CjLjjjH^JMI ^xljitg-igil Jbl^jj J^\ 
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4jjpLiJI jljll (JIje- 4 _9 4-J'^'il' 4 j a1111 CjIjLusjuV! I Jl A cZjj) JlBj 

oL_uL_ij^>JI t njU^j J-AJua ^ idJ ^J-Sj ^jA ^^jJI (JJlALIiJ La l ^LL>o ^1 

£ja LflioL is\\ _1B l_ aj t4.ji^yB 4jjLLaJI i-ltI j _jjCJLI A —*-3jJ 

j Jlj>J Ij 4.U i ->J I jJ >-1 4^bL£ n i jJ-lB lIU jj <3^oJua 

. Lg^^Bj Juf. 4^1 > nil LfcjLI ^j-O Jl^JI jl < l^-^Bj £jI g-Jj mil jl 

4jll_LuaJ JlcIi^U ^3_<_ujl a *II 4 jjI_5cjI Sjj _t^aj ! J_A ^u£Lul J_Bj 

^L*JL 4-jjLix ^L*JI IJLA Jj^sdj jJlj <lZjI_ t-u i » m^II jj_a 4-a,.V n~<11 4 < tnll lLUj 

ti-Llj J »Vi<~i ^jl Lj^C: ^0—1b I jj . %2 1 ^j-a (_ 7 —II - j^UI 

jJl lZjLlxjJLI ^a-3e_>. (jr 3 \ aV <^> LoBj 4 an** a t,*JLaJI ^gj'i < ua Ljr ic. 4-cl n^ll 

ol J U*i 1 Jufc . 2008 ^L*JI ^yB jVj.i CjljLLa 4 —j^L (j-a Jjuoj 

IjLLa 4 _jjLL J-uajJ 2013 ^ L*J I 4_)Lgj ^yB ^aB^-l I IjLA L-AC.I tl ajj 

• (2) J^J- 5 


a>f^l dwaji4 j^jLUI < 

4_l£ Jl<_a 4 _j j-aJojJ I j 4_LjLi_a-iSJ I J I^J, I ajJtj Li a I I 4_1£_JL/a jJjkj 

oJlA ^bLoIu La£ . <Ufc 11 aa 3I (jljL-lJlj jLiJIj (Until ^Lul tjl-J-L uy£ &J — 

I jLjjjl ( _ t jL*j ( _ 7 jJI Qj j an 11 j 4_xaLiJI ^jl JlLlII ^aUaa jla 11 4JSL- Jail 

4jJL*JI ^LuKxJI 4bIuSLII ^loLLa ^yB 1 i-n^ uJI j)aill I J^-Laa 

I Jjlnl 1 (j-oJ • 4_iiL LLlaI I LI I IJ j I 4-ai>- L-a I 

^yB 1 11 jj) A, jGJI {jA djjpa J-ilj _ >i-ll i-B^LiJI ^yB JljjilJI >-LII 

^_l 9I 4 3&la 4 j>. L*J I ("iTr y^> I < ^aJ L*J I ^ja ^j-> I < 3 ^ La ^^Bj Jj jJ I lLUj 

Ju-<oj ^B 1 ^~j ilSLa[^ 1 g"ij4Lu^a ^ _3 333 ^ 4-a-JLnla In 

4j 1 >)jS/1 JJ 3 IIJI 4_iBl^>-a ljJ jljLaj^ LB ^j^IjJI uLjl_uL« 4_ftjL_aj 


. ^ ^ I j^b LU>J cj LLuJI <iLLj 

OljUJI cBI .n-j^l J wJu-^j ^yB 4^3^ V~ < nil JjLl CjI_luLui3- C~<jU>- JBj 

1^-Laj ciUjj 1 4-j^jJI jLat^a ^yB ^iLaLJIj 3 \jj>.LJI a~t^L C.I 34 JI ^^yB 

^lojJI Ju-< 3 ^JI JLfc^a ^yB JaJdB ( _ > yi_iJ ^jU til 4 t U n t a 4BJ ( ja La ^Jl 

Jljjl^SLIIj jj-AJuJL j i ju 11 JLe_a ^yB 3^2 <^ljLiJI 3 -a 3 >JI ^Ljil ^aBjJI 
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4jjjLUI jIjJLI i Jl_ se^o ^is JajJII ^jlSIII jlaj * 

Cj jd£.j jjLlil _il^a jj-X 3 juJl>. 4_ojLLd ^Ijjl t _ jy _J] * J ^ LI I (jjjLAJtJI J3L>* 

4_oj 1_3 uLli-u^JI dn l ii.^> ^ i~*-~ -<■" SLoJlSjJLI jljJLl lILIj jj-fl AjjJufc. 

♦ ASl Lai! Lijy.^4 ill JbLj 1^-oL^-aj L^AjUqj 


4_i]L> 4Carbon Nanotubes 4 _j^LU1 oj _*^l 

4 g^U 4 j m Jl L^jLo! _ lm I JJLsj ^Jl I^JLaj tlLJjj 4 jjjJ! jL?e-a 


(j\ __ 

. uLl < jL*—iimaVI 3J^v I 4x.l 1 ^ILaJuLo G 

cjli^UI l-^ 1 uu^l 4 _LAs q\ y, J^L>. 4j>jU]| c_4_ijljl uLLa> 

LlUjj c-lj^jJI 4 4-jjlj,<u*5t 3^Jtjl 4,li4) (jr^ 4Jj- J-lI 4_i!iLigj£J1 

Juloj ^liT. oLi_uL_uJ>J I <iilj {J ^ JjgxJI c-JjJ—i_u I . \ + i . 4jJ1uC. 43Ju 
O-a jJ^-»-o 1 La I jl cliijj tjj^jj^Jl t. <uLi^/ dj^fldl 4 j 1 ■ 11 ^jaljji 

♦ 4-jjLi.a.j^ II 5 ^_ 3 e_>V 1 (j-a 4 _ij1j^JI dJt i ill CjLj ^Lo a O-La-ujIj 1 ^.) 

^jLiJI 4j^jb (jy^* fw3JI cillj ^->3ill jl SjLjJI jl Jl3jo 

l_4,j>L>I CiLuL< i"w Jl>.^ 3 La lir t JLlU Jj < ■ ■■ cr Lt_9 . L^jLxjjjv 4 j Ja.Lt^j <_£ jJl 

ijL^ t NO 2 jr^ J1 t,> ti&\ ^Li jLij 4 j^Lo 4ujj ujJS 4jjjLIII 

jJlC. ljr Si 1 is^a < _ijljVl illlTu L^LLjjl -I .if. 1^1 * >n jLiJI I JJt CjLjj^w 

CjL>J^j£LIVI J JlC. (jl ^y —Jj t^y'i 3 i 11 IJlA . I^j 3_}^>-jJU CjL_I 

^yjl i L^jI (Jl * CjLj I 4iim 1 1 3jjJ (^^jLiJI jl jJLIj 

<lZjL)j^o£JI 4^_jLaii-> jLoj^Lo ^1 >-^ 0 >1^34 jl^.Ij tjjj^_ 

(jA->.j^.*4j i.ll JU^I ( _ 7 jLi JoLiJjl wLlC^ « Sj a’i «.h a 3jj ^ ‘ 1 ^ylliLij 

Ljj^j^JI l^-»La 1 4jj_)LiJl (j^j^SJI uujLI jya 4 j^jjV (_^»jL>JI ^.Ir> j1 L> 

^«_lS Lua^Lu uiLJju 4,.i.i.«,g.a Lkjl Jua 4j JjoSuJ j^j^SJl j)—a 

. 4jjjL1]I 4j^j_ijLl 4_ijp^Ln 4 _l 1 1,1 

Luj-aVl jlx. j)Lfl 4 (ji—>.^JuJj| Jl_j _ I ^Ll jLc (j^o ill 

JlJ*.Ij (jj^jSUI _iJ laj Lo-AIi <>a ^^>JI al^JI ali .1 jLstj j_a , JUfcjj NH 3 

jIjLLa ^jLij ^I ^jiJ_ j Iju4j i(j^jj£L!l 4jjjjI ^N mj 4 J^Ll3j 
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4_j1Lj>»_ 1 ! j 4 _l 1 a. 1 11 ujjLstUll Cu St i ^j i J-£j . L$J 4_py^U I 4_d_t-ojJ,1 4. aj^ 

jjljj 4jyLLl! I u j i Li 1 CjI i_uLi-uj>J 4yy£*Ll I 4_J-u«o^Jsl ^ x3 (jl 

lIj I j LaJ 4_jj 1 JAj^> 11 3yse_) VI lL> Ljjyy <- t j .) Li V1 ^ L* I Jo LlJj I JL if. 
ijLuX1 ijy^S-J 1 . Vj < >i^I ^yjL) tjy^£JI I J ^ 1 * lyy®^^ L Lr^-jyy i 11 

2y3fcj^/Li 4_xjly_J! 4—y-JI CyL y J a L^yLa jl£Lal j_a yLyl! ^ Llj 

La 4Lyk Ju Jl>uj jLiJI 4yj_«_oj jl£Laj jLs 1 4j_n a 4 alnia y9 4 yijaj^H 

Jl_> Jlj>J yi djjjLA-oJl £_—.yjyLaHJIj C < ?r 1 11 j a i^\ _LstJ J'3 

jl j^aj Ly-U^LI 4 I 4yL-oyII jl J >—La j! CJjlLI jl—*JI 4—_yA 

W 4 ^ 1 dyitj VI j_a 4 a il-> a £-Jy I Jyw j ( J1 Jj_j j I ) yo.3 Lilu 

jyj^LJI l-ajjLjV 4_c».jL>JI ^tn 11)^1 4 j In t~i ^1 4 4^. a CjLs&j! jV! 

4yiyll J>JlC. _tuiJ CLtxstJ 4 L h V11 ^_lyJ I £jy I j_a jj LiJy LjjjIjJI 

Jliil (_jy—<-u 4.4 _jJ Lia-i^ 11 3>ytJ VI _) I j^o j\_*_a £y J J J >j 

Li t-_3jy*JU ylyJI £-Jy 1 j-4 4.4 i !n > 4_syjyLl ^_La_i-uJl 


jyj£JI Lyui Ly^ LyLa (Polyethyleneimine) ((^ju-al jiJLul ^yJW 

t^y>. 1 mm i nl 1 a-iy* t LjjyaVI jLL * mi i mi 1 ,'j^- 

Nafion » 4_LJo jJ ^*~ La-ixJ Ijla >till Jlj _«-u^l Li jl£ 

jli. jL*_Ju i nl i j r c 4jyjVl 4 i 4_jJ-i->^ ^ (j,_La.t~ 1 

■ 111 , Jui j_y Li jLL c^y>J L^ t-a--v 4 In i nly tLijyaVl 

—' J 

£JZ >lyl 1 yiLLll a“ i i. nj*> yk ^jVl Jl 3 ^ jJl JIJ— 

1 $rr tn i n I yyu JL 1c 4jy UJI ,jyy£J 1 i_ujL i I 4_iJj.^ < \ ! I 4_l1i^-> yLI ^cySl ^^ 

(JlJ _ luJI I Jlj4 ( j£. 4jL>-^Uj S 4-ij 1 jaj^ U BjJtjVl Jl>- I ^ Jol _ yj^Ll 

< ij iIjVI JiJb ^juoy <4_jLa jL*—tiiL-uVl j ^n“i J_Ll 4ol ^_Joy ^jl Jy 

^_iz> ys yk La^ ‘ 4_iJy^ 5y I Jl> Cj l^laJ 1 JL>-1 y Q^-J) “^ a (_y u 

Cj Lijla ya J L>- y*. j LcJuaj-u^ I ' 4y^>J -L i r. j . (^ 1 — 13^ JS[—JuJ 1 

(jy^- 4jjl_C. tljljjyk. i^g 1 y_^ly ^JlC ^itj 1 j_A ,jL^ 14yl_y_i^LI 1 Oj —stj^l 

t JIaJ ^LlILij t Ly > InjjyJ 4jy LiJI ^jyj^L!! yiyLiV ^ywjL>Jl £_lo— luJI 
(jjJj^ 11 jLyJ 1 JL)l_u ^1 y Jy La t^Lj 4L»Li 4yy^Jl lyjl t^nya 
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^dLJT 


4j^-Lq 4 iiIn ia jL*— iVi . „V1 Jy >*3 ^3L>. Lai • 4 -ljj, ^SvJI 0j ^\jJL 

Lj j j t~n l-a^jUVI <54-ij^^JI 4 jli^jJLI ^jLb *4_xjL j^i_i£LII S^Jt-iVLi 
(j^ij ^ jJlj (4j^^(II spl jJb jLiIl ^jl3 j_iaj L« iSjLjJLj jl 

. 4-i!il j II S^jcjVLj 4 3 In i 11 CjjJj ^Ji 



« 


^jL)I ^ ^ <ii j fi.^ a 

2u>jIUI 


> i* In ft 


(—-S') 


(V) 

CjL>Ji^aJ I <u^jL> j^j^S 




J>La jlfi J-o 


4_)jjLUI ujL-luL^j>JI ^_iL>.l b-i—*Sj3 ^ ^jp ^ tn^tn^'j |^_u»j : (1-13) J5L-uJI 

jij t -*-ti i £ in ujijLii I JjLuaJJi ^ ^ 1 ‘ (£ *') * L-ojLji 

>jr ii! jjL«u L^J <Ujj-^SUI 4a l,t^> 5 II ur^»_* * ' cr^' ( v) L ~*' ^~ T 1 4-jjjLj 

( 1 —iQSLJI l_L£i ^ U ...lj « JC ,i.Tt jJu :j_U^al') . 4 j$j>JI 4 Li.aU O^ill jLiJl £jj 


4 ilidntl 4lbUl Aj^jLJI uLdL^tll 

<UJ>~i <.< 4.11 4 jjjI_LII CjLlajI . 11 -fcjl l 4J . u Va iCjl i_uL_u_>J I ^-LaTiJ (j I (jJLJI j j 

4jjIj_>J I C-J lj jj LjJ I ^Jx->«J ^JlC. 4 —.1 Ibc. 3j Jloj c II clil j jla Jlj-^j ^ 4 

4JL>Jl O L-u L<-g.n> ♦ (Jj * ^jTJI cLijI L^J ^oll 4 a til I 4jjba jSUIj 
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^ A-Af .I 1^-4 Solid State Nanosensors 4 j^LlJI 4 > 1 ^ 11 

(j-« La^C. (jr^ 3 3^-^ c - < iOljUJI i^yQ pl^gJl CjIjjLo JludjJ ^ )l JuJU 

1^Ja3 Cj\jajuI\j j _jLjJI (jy £ 4_JLxJI 1_£j3_5j L$Ilj— uil )u >j 

. 4JUJI 3jlj_>JI CjL>*jJ JU£. Luaj i L$J 4_ k^>dl 4 jjj>J1 4_Ij-lII 

dJjj 4 Li i hi a 4 J j IJ ’X" CjI luLhj*J! ^j_ 4 4. 4^<aJ1 lLUj £_Luajj 

p lJJ ^ Cj 1^-LaJ I Jl-llm L£" I 4d l£j 4 t ■< Ly\ 4 a ilr» ^ 1. 1 Sch _ i_u I < 3 ^X 3 {j£. 

-Lu-u^l 4jj_LaJ I Ju_l^I£>U 4j^jLjJI CjLlj_i_>iJI JLjljj . 11 ^ it-\4 

Ti 0 2 ^j_uLipJl,vj<n<i ^Liij ZnO cljjJi juu n^t Jj'j Sn0 2 jjj-udi]! 

dLi-C<l _l! y* { ^o\ ‘WO 3 <>—■ -nat nil Jj _i_d I C-JLj dJjk£j 


Cj LaiIqJ I 4_c. l_Luo ^_3 * * ^3 ! | 4_l>. I _}I jJL I j 






11 


(J- 4 -*-* L) CjljLiJI J-uoj 4 4_i^L>Jl CjL-uL-uJtll 4j^jLlII 

. 4j^La 4_>*j_i 400 J 200 (J^_! Lq CjL>-j_} 

^Ldl lujIjI j 11 ol__^L_uj>JI jJL^Jl 

^,3 j-j*~ H ijy lc. J —<uaj 4_i 1 1 ^iJ I 4JUJI Cj l__i_u L_aJtJ 4 j*v j 1 ISLxd ^jl 3 

l^j ^ 31*3 1 *y < [^ y ld l i ^ ^C Vl 43 i 1 ^> 1 4_o^£JI dll . 11 d 31, 1 | <ug 

4JUJI CjI_ luLi> Jjljj \jjt . CjljLiJI ^^_>J I pl^Jl CjIj jl>3 CjL-jj^^ 

d aj[ a 11 ^a.i3 ^3 j-_i*~ 1 1 ^ lc. 1^1 gr ^3 3 jUj* 11 4j^jLljl 4 xLuaJI 

^_4JU_all jLjjJL) 3j* ^ 1 11 4J U- ^3 uilijj 


( 10 ) 


jl^m*in<Yt Lt->-j^3LJl Lfcjw<S>1 jr^J 

uJjJG hUdji JULJ ^ 

4—^LdjVl CjI -I_t/Laill J^tJw ^<5 jjLUI Ll>-jJ j j&3 Cj—>-131 

4j^jU CjI i-ol t.i ijfcj 4J^ja-ae-d CjI _i_ul^3 I *.! ...1 4_lr> -4-ul^j 

43_*_iLLcj pI^JI lLij 1 " CjLj^j ljus J-uojJ 4_ol is\~ 41 4_dJ^J«D j^3t4 dj4J 

CjLd^Uil ^IS n L£i_^V VI dJuk tiajj dJ j ^J£5 • i 1 ^ 1 

i Ixjt .Geographical Information Systems t (GIS) 4^3! 

d J Ud 11 4 juIjl 11 i4jjpU CjI ■ -1 - ^j)3.-kL I I jl^~>J I 

Personal < _iiJl jlc.1 j^JLIj 4 Irnj ^j^Id cj^Ji 11 
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Bluetooth <L.^1 Digital Assistance (PDA) 

j_2 lUL» _coj La .Global Positioning System (GPS) ^LJl j^l^JLl 

4 n ll a £._3 CjjJlJ 1 lZj L^j_ uu-cj <Luo L>J 1 Cj \ _a j 1 ♦ a. 11 j _.-oJ 1 

<■ 4_tnj < v 1 ^L*J1 jLLd^I (2 — 13) _LJI . cLfij 

Cj Labial I ^ 1 r\ s ^a 4j^jLlI1 CjL-uL-u->J I (jr 3 4 All a"i a ^jLlI I (jt jliJu 2 J 


4_j Jlj_LLjJI 4.4.^UJ1 ^ 3 j^_>J I Jl>jli.ll . 31_i-L^5>V tSjJLIj 4.i3 ljjt->J I 

. ^ ^ jlujjL^I oljlJu dJ ^SLLi 

.4j JLlLLl! I 4 bj-l 4^aJj>. (« l)> 3 — 13) _LJl I JlA 

^_Luj JlUJI \ - {j\ _J (J-atSuJi CjI _i ^j-A L>.jJt>a , L.. »,7l (j,-HI 

, \u fil^j CjljLc Jj>j C-4-I-Uj Lljja «L3 jJ! 4 jILc . 4-13I j. * >J I ill Laj 1111 

(JSLjqJ 1 JJ ♦ 4 j 'X < nil *L-=w>U 4^UU 4 _lC.I i j^lll jLL-ll ^3 JjjJUJjI 






_LC 


111 I 4j^p rt i l I 3jj 1^11 («^)> 3 — 13) 

•-LajjJI J>L>- ^>-a 4 \ ilU jX\^ 4 n>>jVl 4-j^ljJ,l CjI— IriTr- a jljJsl £-A Jj—> j-U 


(ID, 


4i Ju.1 j 111 1 ^J^jL 4JjJuO ^3 4_i3 lj ,* - >J I lZjLojL*_LI 4S ,i 2uJ 



LjL_ajL»il p tv< L_$_LaLSLjj 3_iUJI L-yv jySJ p, ^L-a-kjl :(2-13) .JJI 
1 < f uSi Jji ul iijl i a *v v it ~ 1 A J1 Jk I i Ills I Cjljlil I t 4 _iB1^Jl>J I 

~ f 

(11 Lr L^Vl 6j-u-a-aJ niTl (U»>aj JUAi) .4-ijjLJI JliJJt 
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Ut**+Mhf 

htOJfttt 

<jOC*i 


(’) 

^ 'i 11 JU—oljlc JJLjuj^j L$.Jr 4u^» :(3-13) (JSLiTiTI 

(j 1 Jju (l) 4 >n^»^Xl 4Jaj^>Jl 3j^ ui (ui) JSi iti11 .(i) i1 IjU ,^^—3 kjJj_SljL 4 _Ljjl4 

4j-u_L»IUI dJ^SLiLj ASljJla 4_l3Ij-Lp^J I oLa^ lit.I pUoj 4^ Iilu ^-jX. i iU mV >~.J mjl 

2ual^ll ^I uxL**il jL^j* ^yJ) 

(i—jLIk£JI I j-2> l_oJ ^ t-t \ (11) j_U-aiL) ^tVi :jOj-aXI) 


^jLJl oLmLu^* 

fjp&jJk 3 4^_La d j^j ^up 4j^JI cTjI_J 3 JJU Juuojj I 4 jj ill ^jja ) jJ_IL<u 

4jl!Li 4 I (j _A 4jjjJI l±1 1j 4 l"i.4-> La —Iqj L$ 


i uj3J 


lZjLjIV llj CjIjjIII 4Jiia~ 11 j CjIU j^t lj jLse-tjl 4^.1 ^all CjI JLjJL^jJI 

£LuI ^Jl l1jL-uL_u_>JI jLas-a ijy S j iS tt-jJI . I^j4 4 _ij^jj£jjJU^JI 

jj,JU^JI lZjL-uLu>. Li 4jjj laJI Cj L_u 1 I tllij ^_4 4_a.la~ia 1 

tilts JIojj . Nanochemical Hydrocarbon Sensors 4 ^Ldl 

Ijh 4 l~i all IJ 4j^-5t_JI 4 jj ill ^JLae^a i In n4 ^ j.l j I 4_i_JL> 4 *-1 j 1_t-uL_uJ>J I 

Jj L*c1_^l <_i—t i~e_a 3 JJ a~ hj 14 j I CjIj^ULI ^jX- _c!u£JI 

j-iX. jLiJI jL»l 4-jj i_ujJL1 4-jj^j^Sjj JL^JI _}1 jll 1 /iajI 

cjLs^UI L^ij j cjLLjpJUj jLstjJI ^L^ ijr $ jJ, 4.1 >*/ ^JLl 


. 0 1 j g U d_w^ <>iil! 
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dULaJl w-uiajj -U*ajJ 4 _jjjLU) £>\mjLm*J\ 

* I jpl CjIj jLa JLuaj ,^3 4 jjjL<JI CjL_uL_u_>J I t, rtjl*)ijj ^JJ ^USLuaVLu 
4Vi *Luadl 4 JI£jj 4_ul4 jv^L^ 1! <LulajJI 4 JI£jJI CjjoJ-WujiI jJi-3 
y^pjl 4jjjLj 4_ CjI ^ya 4La, Ldiua Lc.IjjI NASA ^L—juiLj) 

ojJjJI l ^}\ cjL_)UJI j_ usj Thermal Nanosensors 

J* \ jJfcj U L dJ jj 2007 ^LaJI ^yA J^<y&\ ^J. 4 4 uSkJ^oVl IdjjdJl^ 4 —jVjj 

1 ; Thermal-imaging 4.. .din 

(3 -^LJLo 33^ (Jbtll C«t\4l Cj IpjUaJ! Cjj -r c, <j I Jlaj 4 a^II 3jla_>J I aJ _A 

{ .I djnj ^jl^dJI jJilpv 4Jiu4J JLuljd j-dj £>£. 4jJjjIi (jjljja-JI 

jLUI dJj 4iu_i_uJi (irtlnll L-^jipo (.4^ iuj dJ jj t4-»j fc .LlU JLLUI ^J! 

4 4$ U d_Lj CuljuLldl jL>o} (jj-i ^ ^y^iuJI juVI Lp Cj\£ (jy-fcll 4uj^Ul 
jC. Jj q I jo£, hi I iLjJ I ^jj lj->J I j£j^o ^Ul (jSo I jJ . 4 JHu^aJ I 

jl • iVnJ S^^wL) Sjjj* jLtlo 33 J ^yA 4jjjw 4_i£j^o ^IjLStdul ^Jj L_uLj 4 _)L£j 

t3 jjuL_j-uJL I I d]j J_cojj ^-i~i~ LT 3 3JX.L . xhaU 4uaJuiXc 4 _>jjLu _>■ 

(j -A I JuJl>» Lj Jl>u 3 4 _jjjLjJ I CjI _i_uL_u_dJ 1 a-£ a 1 Julj Will dJ ju 4_♦ 13 

.^ jj Julj {jA Lajj jjLlJI Ljjv jljj£j 4u>.I jj CjLj 1tt~U (jAi's> 

5 

,jj^ 4jjj>JI 4_l£^I l 1 ^ c i a 1 ^ 4_Lal^ ^lul 4 j^Ij 3 JlX 4m^jJ.I J^a3 

jt * 

jj ^3 «-ilnrtlll (d^>. 4 n LV» 11 3I3LL0 


»— ljA 


^Jj oULJI £ Jl A 0-L_uj I J^j . Joul^^ 

L^>JLloj l^tr>lui ill 333 L la Lj_>- VLaajj] 4 j 1 < 03 VI 4jlj lu_l1 3 4_l3I 3 J,I p 

j_LA3j I 1 4^4L£Le ^33 _flj jIjJLl I ^ jLStuil ^lu I L*^o » 4 _a£3_II {j\a ^ If 

^yA L^juLa Jl^j L*_«j jLcj>.Ij 4 . 4-au^U,1 

» 4 4 ->»luua ^^laLLa jljuuoVl 

jLs ^aJI —ljjIjj juil ^jJI (jjuLdJI jjj-uaJ! jLal j— 

* 4 uSixiadi L-oU 4 ji£j +[aUH £-& jj 1,1 jz. 1 L>j t 4 

«JLauijj>- ^u_uj (jr S 4^aJ Vl,< till 4u. V.j 13~iJI CjLpjLmi^JI 4ujLallj 4u1 

CjI . 1 i«l 4 *j^v ^jls Line Scanning I i-JLl 4 p3~ ^jc. cjLLjlI! 

^ jJU iJ7 3 4_ojl3 4-j^ul i ,i"wj 4^u>> 1 Pi a 43 J Cjj^j J^3 4jj!j_>JI jjLiJ I 


268 






jJljI 4_1^ 1 Jl^J (jlfi _iaj lillj L-JfljfcJ 4_3 jLiJ 1 L^JjJ^ (jr^- 3j^l_C 

• 4-ut-uaJ I f^XA^A I ^—lla^J I ^ 1 (J 4 j-5 L3 j —3 VI 

4^a, Ld3 a Llj^a ,j_4 «Gj Jlj>J I 4_i i 3~J 1 lLUj 4jjJ9j Lo (J7 _!J ^LaLuaVL) 1 Jufc ^ U 

t-dJjj * Ijj>. VL_uj 1 l^JLi-ujjj jjo-oJI lLdLSjJI SjjlSJ! (_ya (J"i ^Yi 

^5 /^yi t- * I la "in C-lj\£ 4^jl_i_uJI Cjl j ISjJI {jj* ^jjaaAlil ^lc 


L$3aj ^9 3j^S^ (Jt * »ijj SjJlSJ! ^ Jlc. ^IjJIjj t oL»LjJ! Jolau 

* 4 -J-^J 3 ^~A lia 3 jj) I ^ J 


gLucxdH (^3 >jU)I ljLuLu^ 

3Julj SjlaitJ 2007 ^L*J 1 £_uj i _y9 4 _lj 1 i>i<ill 1 _ _ Lj 4JL£j O^ola 

^jLlII CjI tiiLu> ^JL^j 't i<~n kjj _ji_J I j_Jjl3 ^Js 3^4 (JjV /^.a^ 

.^ ^ 4-jjLiJ^nU oLSjII {j\j* ^y-Lc Lbj 1 u>4 _ij 1 joj*\ 1 ' 

^j3 4_a JolLU Cj 1 _»_ij L_u_>J I lILIj ^ L>o ^ylc 4j^at3Jl j J_a j 

4 1_m 4^klI jjjUII Jjl-HJj Jt'-oxj ^^lc. <ijLiJl L^jjaaj ^>.jl^Jl ^LuaiJ! ^ 

JJLA (ji —a Li)- Jj 'j/j . 4 oj 1 i>i<ill 4 -i^jJLI J^-l-5 i _y9 al^JI CjI _Jjli 

^j-A ‘4_jjL-ixiiJ! 4_i£^_4iU frlj- ^Jl Cjlj^La {jA t__<_t*uJI 

liIIj ^c£1^3 In) Lilljj 4 l=w^LLI ^allai 1 ^ Ijujl^j l-^i t nj j^a *L^3 JLlo 

I Lu3^lo^. i43ltU .>>A!l 4_^ J J.I ^a L^jjljjj CjLjjIII 

.Sjlc, j ^ in I ^_yJI Ju-4J JLS 4Jj^laJ! 

4^ul^ i ) 1 ^ ti / 1 1 d i/hi ^ ^ 4 4 1~> ^ / A ^ i i /1 1 1 i-w. l" iC- L** J_9j 

I jut ^ J .uaj ^ Micro Electro Mechanical System iMEMS ^*^11 

I jJ I L- 4 \ J Inj In V~i t)) 4 — 13) (J$L ini 1 . j L^->J I 

> 

{j-A lJiJJJLIj 4_lj 1 i^->n II 4 EwjJ 1 Lillj ^ n t\ jjl jl_* JIm i I jL^>J 

I» 4 — 13 — lIJ I) lj ^yu\ mjtj i In LZjEjj^HSL) 1 ^ I ^_ya 4x.j-4-a- 4 

<■ /jiL31 c-u4i vV‘i<*ii -iaj . ji_^j>Jlj 4 j i jjjS^il cdLuj^I^I^I 4_>.^1j 1 $*.a iz < ft 4 
iajJI ^yJl I^-Loj i_iU^yj 1 joj^H ^Llo^! Lillj <_ 1 ^ 4jjjLjJ! 

Cj Lt 4*v 11 ^ 4^3, 1 3~i I, I 4 jJjI_L) 1 jljll Jjufc L^jjLiJ (_y3.II 4jjbLnll 

. L^x. I^j I J-j (_yj9 4 j^ i ,r.U CjljLiJl (j^o )j^>* 4lAa3aJl 
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(') 


> fl I « 4*> '• * • ■ - 

4-j^jLUI i ti )Ljl 


( V) 


a . ti ,>t ATI 4~ w>. I jl «(7 i ~ t m V I ^ In i lr>‘>i \ (l) : (4 — 13) ^SuStll 

^i_.u->J' o^jvj <li Uj-i-^ .2007 ^LaJl j_±jj ^ L^j-Lvj iUjUiaJi L_u>Ui A—JISji 4 _xjLU ! 

. L^-Ll1>uj <u£'j-^-LT 4_jjLiJ1 J^-UUJ Ju-3jJ ^^xwajUl (o) ^L-aoSJl 

(t-)LiSJl I jjfc 4 U ( 14) j-U-ail ^ J5L2JI |«iaj 


Ljt^ ^ AoXt^ fUJYt AxjLk+uShlt ^jLUI uL^L^>» 

ijr l£. OjUlA\ 4_uLaj^/I oLUjlJI (^-uoLII lZjIxIi >Uj JlLq Cj^ ...iliTu \ 

^-LVi <■»" j'v- 14^UJ 1 CjIjIxmJ! CJIj-?e-fljJL 1 j £jj 

^Luj JjljJil 4 > fi )j . c Lj^-jS/I (ji—aJ jJ. 1 , l ur \LLr Jafl (—31 Jl$j— i_uV 4 j^3^g 
jJuusj jj^JI 4_oitJ t j j/Wi 4j^3j-U JjLuill cLLIj ^_ys <Oj.Xj»- ^I^jI 

tillj 4 x1 \is> JjL^J! —Sill l_LA jUoJ <4 j_^u 3JoJI 1 £JjJ l3 ^\ ojj 

4j3jjlaj Cj \jjrr n~< 11 lIUj ,jX 4_>- Li_U t <i AiK H C^co^al t4i?LldJI Cj I j tt oll 11 

4^ajLLj (^1 lLU 1 4 dK I, Ij 5jL clx II CjLLqjlII qjs L. 4"u^t 

. lIj 1 j tt j~i 1 1 tfJufc j_Lu 3 l^/aLl^Cu nl ,j^-4-» L7 jJI _iij-U 4 1< nlj 

I ^3 CjI_i_uLuj>JI 4 <i 1" V a £-J I ^ Lr^"J 

cJlJuSJI (-_3Jl^j 4^a^L>Jl j^Lj-U tj^ *JJ Cj Ij l lrxJL I (Jj-a 4 j^x>J|j 4_oc_iJ \ jlu-u^ I 

L^l_j_»-ui a^o- jlj L^qLjcjx I (jl^ *CjLjl3j-AJUj d)ij_> rt’ill ^jX. 

l^i 136J LiUj t I^qL^o frl L^jJ-Lajj j^jJI 4—j-lojJI 3jJLaJI J^lo 
^Ll^l CjLujI i Laj- 3 1^3 i-XSEJ (jyjJI I »LdxL Mil t^yC. Sj^uaLs 
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cr^ >~Ja _j~x5o 4 jji ,^i ^1 4_bI-lo^Li I Jut . ^dj-c _Jij Jlil^ _tt A"t 11 

^LlU jVl dj_ioll CjIjLj _i_uJI (Jjla I 4<i^a 

ijJj-iaJI <4 ujt.I-> i nil CajO ' ^ 11 CjI^_lJLj 1 <quj t ullj ^-*JH jj Jj i4jjlj3tjJI 

JLAJ -*Q ijr^ ^jljjJI jjJJ (JLojVIj ^jLSJI 

cilij l^j^JI 4 \ j* ,s~> ^Jl 44 1 -l>> V11 I \ a ,4_ul_AjVl Cj LlUjlI I cilfc] l_9Jut 

I 1—31. Jii**/^ Ij J-LOj 4jjLS ^J^£o 4 Li<3j I 4*V I, ,. (^-<9 JJ I <jjL< 11 *>J 1 

^yJI 1 j k ^ 1 CjULljJI t‘1 \~ JL-4-ujIj Oj-rtu i l*J,I djLL! cjIj> -*• t-M 1,1 

CjLo^IaAI ^lVd <U3^LUjl 4 £L_i— jJL) Lglajj ^LrtoJIj 3jLxaII 

Vjl 4_u>- ojj<^i i CjULuJI (JIIj ^_ilu Loo i4_Jjj I I 4_l3IjJlj>JI 

4_re_£5L£_<a ^JLfc-c (jy sr i>* I JLaB 4_j 1 3" 11 u->l t i^ll cillj jjlh LSr %* (j-4j • Vjl_B 

j-& \ JL>»I JIcj 4j^BjAI ^JjllaJ \& JL> \j ~r n~i i I uJj iSJI Ji au 11 ujLAjVI 

.^^jJI Li-lLu 1 l^j cjLjJl5&iJI 


4jjl£. 3 j^j-c 3 ^5 Jjtj ■*. ii~i U 3.5 LI i 

« ^ \ \ 


(-) 


■ Li nAl £>LLd Art iI-~> 

*Mia AaJo 



> ’ 11 ..» 

jjC X t ■ ■. T t ■ i\j ~ ■ 1 ^Jj3 

( j-a 3j **1 m a AjjLc JiU_)j_> 
3jLa 





^y—i^ySJ VI ^ mlX t i u^jS-iX I ^ 111 ^ "i m L) 4 i^^>wA ajj i<*> ^ i ^ : ^ D - 13) iii! I 

J_lU_i]|j JjI^JlII! 4t^a jt i(7i“ tfil ^3 A a, U»J1 i.iU 4-uU.c-lSLI t ^jLUI -"4 .,.t..."W. 4£ 

( IJ J*v i*i 111 ^y3 ^ jTI J;L_^Uu->J I y lilif t-> Th~i 1 4 ■ -J J 5 L_jJl (^o) 

3aU Cantilever j^jis jil- ^ j^sat ^sp 1 4ji£, ll^a 

a 3 ■ Aj iU^jLi A ~A ■ U 1 L 3 i Vt 1 ^ a ‘J | - .AlT I j 1a *U^jL» <U^laj 3LLxa_A JjjC J ■ ,,. T I lIi I J ~ j] 

Jaj>U jjjsJull ojLaJJ 3jAi".4 J;Uj^v a^>a JS Jjt .AjjJJiit mlSVl Jk^i J-6 

juu ^) .jjjLuijJlj aU.^.Ii a 3 tt '■ t i a ji Jjj-w j 3 ->*^ jic J_u La jjjLjjsJLi 

oj xn'ill 3 j 11I jL>u iJLuj-jv ^LaUI _i,t->Jl J^jIS ujaL>JI r 1 ‘ -hWi jc ,:.ti i 

^aflLl] 3^>i4"*ll oaLaJJ 4_jjUiJI J;Lujj>J 1 Jllj jtJJ-At ^a .jJ^J 4_>» cr-^ 

. 4 * ^ mi 11 <_>1 jL^_>> 4 11 hut. 1 Oj^P^J I Al 3 LLaJ I 4 a i 3 ^3 

i.itLi -U ,~! I LjL_Ljj->JI Ji n !j_C AJj 3 ‘»tJ JajjJt 4__2LLa j^_kB "|V' J--A3 
.3^^n~ill 3 aUI A-i^jS) SaLa i jyj 

(ujUSJI I'>a. Atj d A U ...lj . j.l«“tlj ,:, M zal J*»^( 1 5) Ji >i^t.l J< “.tip U'l :j, ii^tl) 
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oijjy 1 1 jyi eJa_JiSUI uLi<L«t> jl ill>l <_jLi£- ,jl di_ Jl Vj 

^j£LaVl ^L^Ajj^j < a -JiSo 3j J—ill ^jl Ji-iaj 4 nl“r>ll —£LaVI 

L^jliBI JUua-a 4_Ijj 1 13 j 4ojLajVI CjI x-cIaJI Jl ^ 3 <"J UsjLA l a 3 J lx. 

3jj j^ru (^-ijLAjVI g^iae. La t4_iL>.l jJI 4-jLa- ^ I—gijj A>j 

^aJj . <Jj jJI t-iilj IJ 4j-aljx*.Vl ^jl jl »r. 4Lu2>lj_a Sj-^Lxa ^xX. 
^ Cj 1^ ♦ 1 ^ a ^jJl3Hj 4_loL>JI 4 j i a~i 11 jJjL>J I j _j-3^j ^3 ^jLIII la^KjJj_t^3 


lj J^ddJj ^ -3e-> J I 3j.j t (jjjJI 4aj3~v ^ ^ jl 




Lilij j j an U£ . 4x1 lx. 4^ JL) l^nj i i^Tij SjJc-3 il I jl^U (j\j j jja"ill (_y9 4_ajLaJI 

4_3j^_Laj L^lojl £t_uj La 4-jX.I lixaJI L^lalSo ^pjl n^.iL) 4jjjLiJl CjI_lxL<.uj-J1 

Ij)A) ^-Ix. 4 xjLiax$JI CjI i-uL^JI sjilj J—aX. 3^Ls .4— jjLuaisi 

lj_Lij iC jL t3^_ilI 4 x \'ns-> 4-a JTrTt.,-i,i,ij 1 4 jj) l jL^U CjLujx>* 

j. 7r n tj La !4ini3>U ^jljlx 3jlj->* CjLvjJ Cjlj jl^-U cilia I 

CjI— i_uLux 2 tl! La OjljXK 4 j».jJ JlIt j^a 4 ,Lu.uo c--t jxU 

a^ i .*^i I a l < .. V JjljLij Lxi^j) 1^j L^LLj^jj t*** 1 ^ 1 1 < £ 11 > . i i < \ 4_lj Lta-i^-1 1 

^LLajJ 4-Jj) 4 >i 11 3^4^»^/l ^Jj I 4 I < ujJ GIS 4o^ljJu>JI Cj La $ 1*11 p-Laa 

jJuuajj . 4xx3djV1 4j^IjJUj 4jljLUI ^ J-l GPS ^ ILdi JljJ^so 

tj4iL^x>> J£L 4 xxdL>J I 4xj^LjJI CjLjI Jl>-^L 1 l a CjLajJjtllj CjULixJI aJuJs 

Ji-JuJlj 4^Jj 4Jj)^ 1 n) l±1j -lIJI jl ^a-iill JjJu>o ^cj ;j-aj 

4 4JLIajy 
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JU^4 jrU ^jUi» 


Ll>. 4—-j-ALa L JLUZjJU 


Ij7 S 3juljJI l£\ an U" ^—[£. i_3jjuJIj jjLUl 

jjl <11 o j-i-ual .4 c ll ‘Pr 11 CjVI 'aril 

^LkJI jliiTu i nVI ^yic 

^-Cj-II ^-^-J • 4 -aJ-aIII i^uJI g j> Jfc 

^l^. 4 *jLo]I CjVI _aeJ.1 JljJl>o 5— ■JJ t l^i ^JJS 

LtfJ Sj i_3j_i_u ^^^jjlj ^jLiJI l_x>-^Jj_i£j 

^J-A 4jp3 jLl^-lSVI ^^jLjJI 

L^jI auLVh jjLjj I Luj>-jJj i£j (jl 

J^Li. u —LUJI jL-uali^l ^—1£. d_ij till 

.(jj-SJI ij_& 4-0 jLoj I j—£iaS\ CjI i Jl 
^ _ ,„ . M jii Uj^i (pJi oL -^IjjJJ I—d £jj 
4_i^j^_aV| ijL^II CjLjV^JI ^jIjlLI 4jilnjJI 
.National Science Foundation (NSF) 

J) i^J ^jLoJI jLciij-i-uVl ^J3E->- 

(jt^I J-^ 


n.n^H Jl, 

jjJ—£ 4-J J- jCL) Jl J 

. *" l\ i il*\ I f 1 ^ v J j ^ d, i 1 

t ^ 1 f>» 11 1 j A ^ _1 1 11 1 i ^ fCj 

L^j 1 . ii»*~ § ^ v ■ l^4^j ^ 

C^» J>Vl 

(, L^j jLfcUl i jx. 1 Ifllicj 
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Lg-l^j I j—A ,20 1 5 ^UJI 4—jlJu ijr B < jVl j_—<a CjIjJ <-u (J_oajw Juu 

^Jjuaj (jl Ci i>» t^_u£L) lj_A In V~i' l_£Sjj-u 4jI 4_uL)LlJI CjL —M' 

(^ Jufl jX ^ lr> \\ l t La J-4-C-J 5 4 i iiil I jVj_i U^4 lH 3.5 

j-a l^.u.xSt I j-ir i_ i.li iil l_u I Sb jLa^a jLs t r LsjVl .Ills i*—> 

M 

4j jl is\ i^l i— i j^jlSLa (j)j a“** > ?-1j^a 4liJb^Lll t^aJLiJI ^B jj11 4 jf Lt<^)l CjL£^_JuJI 
,4JUI ^IjjVl CIjLuOj ^B 1-Ajj-flJ C, j .Tj J 4-JUI L^xLl^jI ^ \l .«. V 4 a hr lt* 

LlXlx. ^_yJx Laj**- jjjJJI _il-*-u£JI AjStuZu j_ijuLJlj (Jj^^JI L^jLuS? (^jJI 

CjLoj^JI j_a J L$3I (^jJI Lt^t^Vl CjI _ mljjJI (J^ f-^JUD JiLa 

jl ^ lV< i 11 j-a 4 jU 3 t jjj^LlI <Lx U.i^J I (Jj*JL__I1 cllLa^SLxj i 4_X Li-^aJI t4 jTt.rxr JI 

£j-aJe-a L^jIjLoju i~u 1 ^a_3e_>. ^B 41jI_A 4^2 jjUJI Lxv jJj; <5 x 3 JL^i~ 01 (Jj-cj 

. 4m">^ lI) Clalj 14i~l**i 1 1)V' ^a •>••% . 


I LAjLrfj jjLJI Levyi5j 

al 4 <u ^B ^jla-uJL) jjLUI ^a_>»J jjJj (jy t jjU> 1I j-a jl£ 

4jL*JLj 4_3j^_j (jyi^. ialAjJI ^B ^aJL*JI (Jj-i aLaxj ijr&J _>*j , Lp».I j ^a-L*-ll 

iAj^jlill 4^xar i 11 jjjjuj 3j. 4 _l1Lq CliLuau^aitjO ^ ij-tj 

CjLaL>oVI j—4 k 4^13 ^]\ j mi ill j-a 4 a^^LZLqj 4,rtl3ift, a Cjljj c_j j >. 

4jJI jjUI Ll>. jJjJSo ^c_>o Jyiis .Cj\ is\ is -1 y~illj CjLflLajJlj ,Jj jI! j 

(jy-a-UJI ^jj jJI k^j^«^>V“ll tlijl j ji jJJj^l 1^ jj^LUl j—a 

4-jj> JujU ^_l>-VI (JixJ lx>. jJj) 11 lilti jl jj^J t4Jj^laJI < 

jLaejl jx jjj>>V1 CjLxk^Jj) 11 Cjj&X L^-l^l Aflj L^-a^c-A j-a 
jjbj ^jjtlll \ J_A 4j^j V" II j-a lIi^L-u Jl^j . LgJ 4 il 

^^-a^lx^/lj ^ n iliJIj ^^-a^L>JI ^l.a~i aVI j_a ^tt is\ 11 jJ-ail 1 Jl^j ^jLIuij 
I I Jl$j ^a-Aj i 4-a^J. I ^^LtXjuaitj I xj^.5 jjj-o J-3^ 11 jj . ^L»J I Jj J 
_L3j . 4 use J1 4^jL_mi_5 jjLaHJl ^Jx 4-i.i i II jjLJI Lx>.^Jj)i^J 4 t_u-La I^£jJlj ^cJ 
^ l^Laj ^ » t '< 1 1 1 ■ **w ^ iC~ i ~ i dij^A 1 i t, 4^ j_^. q i a ^ a ^ 11 1 

^yJxj 1 4 _lj^jC. CjUu-sj djLa^-uJ LgJ jUjl-^a k 4-ailitII CjVLfc-ll ^B 

Juu 4-uaLi. (.^JljLjLj Ij Mii^j jlj t^jLiJl C-Lp-t-ulj > U•».. ,! !ji^j3j jl i r til4 
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(jr kl 4_JJ i 4. 1^"> ^J tL;r ^^liwi j^L I Jljlj I^jJJ lj_i_ lmj (ji 

L^oL^tlsI ^Jjjo {j£- 4 j;.rt V ni l_j _uul^o ^ i-v, t jjl Clj 4 x.Lo>* i^-^yaJI IjlA {j£l 

t(ji t nloj £JUaj ii-jJLkj Jui^ruj Jiillj 1 £ul A1 j 1 ^niivl <oilJLa ijLaeJLl I Jl^J 

<*t mVlU i JjLill 4 LuLljj C «‘\\f t t u AO J_jLl« 3J i^JUx4J ^JLcj 


. 4 ii la V II d 3j itt~ill cl Ujf 4j jLstJ Jja-caj 


^U^pjl jaSLUt Jj• 3 jUlLuJi • 

iCLoLgjVlj CjI ^Lo^jVI 4 a-i^LaJ iS^l3 jCaj i jjLiJI Ll>-jJ 

<J Jl>. ^ys — j i^^-j-J 1 — 4 jj)j :k 11 Ly>. jJI 4j C- dj. JLJ Lc-» Uj^ju 

(^a-c_>Jl CjI Vy t..i jj^j ^—3 L-iiT.^m L7 hL 4 ^jLoJI L^jj, Ula Cjy^Lbi tjr* >■ 

( _ y JLj>Jl JjJuCJI 4jLai ^j£- iC>y. la~ia 4udjj ‘l£_SJ _Lll 

by>] 1) j£-l I1 ^ Ti <j I ^y 3 SjlaJ I cm (j7 jS Cj bl> I^Lil'V I Ctiluaj . jjp IjjJ I 

JjJuCj 4 ijr ^~i^g-iJl < It VII ^lc. j j f n"i j I t 4 _i_lCj ^ ^ ’«I1 t M_ _ . ..a I 

. ^^VVl 4_y>J I CjLLjLSJ \o ^jL^uVI ^jjJ.11 a3 kJI CjI u - ^ 
^jja ^yjJI (JLwj 4_IC-uajv i4ajL-uJI 4 _l1j»JI cLIjj d^SLcJI oJJt JlLa CjLjI JlS^ 

<JjI^j — iScIl — Laj^Jo^uLs ;.aI jJ.1 4 £\ r< V11 ciLjLjjJI 

Lji -^3 t4_aiijL.il 4 _uj jJl d^LaijVlj CjLjI jVI Ij^iS L$j iCiLal^jVI 

.^ It i ii^JI tjLjj 4 gilt II L )jj jI jj) irtr ^Jl l^iijn i t ^cjjLjJI 4jjeX. 

^ L ii3j I (_y9 CjJjloj 14 a V i>> Ci l tag 4 jjj_>J I &1 11 \o Jlo5 i I jJ 

d 4 It iIL> _I! I i (d^J cTV I—« 4 l^jfcUo ^jjJLl _gllaeJLt 

^ w 

i<t irt V. ill i ol» Hj — ^41 ■ .it,I jl 4jatllll — 4 j 1*JLI JjjJI cLflj£->. a 4-JjjJI 

Lj^ 1 j t gl?r J LjV i^JUJ! 4jjjJ,l d t Ci trJ.I jlj_9l^ 

iOj-LU 4-dt-iJ I jJoVlj 4_jJjjJI _^jyL*JLI J-Vdj (J-vI Jya t4jj)ln d_ C. LC-^> I 

^jl 4 irftl dJjj 4 4_4jl mil 4j^^lVVl ^j-v-il^UI _ a 4-C..^a J eja ,j_i_u ^j_4 

*l£>^I 4_dt_i tjn utVlIl *Lalc. delJ liI — c. 

jl-4J (_^-L>- jj_4 4 j^ -i_J I C_oy>- JlS 1 4_Jcj>J I d—id 111 I Clij j I 

^J] 4j^al^JI i^O^-LaU 4_iqlqj I clcljLiVl ^~Lg>. Cut t 4 jj^j r»J I Ll>. i^"i 11 
. l_A^jjJcajj 4_j IJU1 Jjl^ya tl Jya JjL^ij^I 4-5t_L^ ^ 1 
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jjLJl aWui ^UljV1 

Lb_i JX iJjLiJl Lx>*jJ3-i^j ^jLfc- 4 J 4-q^frll JjjJI jjLuaj CIjLj 

. £4j3 jjUJI)) 43j_aJ,l ^3 ^JL*J1 <L^jLoJ i 4_lj_5 52 ^ji 

4_i_qX V J 1956 ^ai jJl ^y3 ^)1 Ai 3 3j—AOLsc^a ^ JjjJI .<LJj C^u 

(jj-aJI J}-L». lLUj 4j_^j l£jJ 1 ^-Ll iS.31 1' 

<UAlZUI 4 n jB jJI jl^Xl t-lllj AjLJTj 4jL)^fc-a ^^3 SfcX u 3j} I I ijjJjmLJJJ*. 1 1^ 

j. i <w 11 ^aljj (jyix fX^CMJLi jiu L^jlr, LaljJ ■ l t1 jJ .^.i-uail 

^3 (^LaJI JjLijVI ^^->- (1 — 14) —jiJI ♦ jjLill IxwjJij ^ 111 

jJ-uoj ^jJlj ijjUI Lcw^Jj)i5C.l.i 4 j-*oL»J! Ait 'as.iJ 1 j-dljjJl ^o—x_i 
^ 4 ui<i> > 3tJ (_r^i <2008j 2000 (^i-aLaJ! (j \j La 
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St^-4jg-al^J L> Mj..,,i ll »L’>T ^ 1 (jLJuyt (^-■>«>':( 1 - 14) jSL-iJl 

. 2008 j 2000 jj-aUil jru La 5jXaJl JM>- ilfll^j] jjSVI JjjJI <^4^ Lcj^s .^jUl 

.(5- 1 Jj-4 3Lu mil C)ljl i fctl^yl^ I ■>! a tjt I A t-> ..ilj > A. > < A ■ t p~< JC .7i tl) 




^3 4.^flB.iIlj 4 j a 1 tjI l" 4 al a~La^1 4_o- 5 ! L3 (jr lx ^jLlJI Lo*jJj4£!j 

2000) 4Lo^ A^aill ^..i «i111 CjIjJ i_uJI 4_Jj_i 52 i." i.a l3 ijJLtJI (Jj_i 


JuftL*-a i4_ij4J_il£ij 4jxfcj CjIjl>.jj j-<aljj <«Lu (2009 — 
^-j2l (jrlx 1 jl 3 .24468 ^j 2009 ^LaJi 4 jL^J j-4 La_ 5JX t j j4 > 
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4 t<~i U CjLjjJJlILj j Jail I 4^jl-uiXl (JjjJl JJlC. (jl 

5jLStlil Jjj M ^J4-Se^a ^yA *4jjJ 1 56 4 m<ii ^Ll!I lJ ^ 

11 Ju& 1-La^J 4 jJLjJ 1 l 11 4 j^ -Ju_JI ^JjjvO JlLoj . 4jj J 1 92 1 _AJJlC.J 

^ <yj 4^ <^i-V~a Sjjjl^. cjI_jjjj jlju-oj t _ r B 4 _lIUJI j— uiall! jjj 

JLstJU 1-LA t>UL*JI ^\jl^LjJIj ^LuIaJI L^j i r <!*■>S" * y*i 


jL i^i Qja ^jJI ^JLlII _tiij La ^1 4 ^Llo^Lj I-la .^JLlII ^Ltji ^ 

ijjLlil £)— C. <-1jIj jjj t4—xljj Cj!j_4_jJ-« ^jjflUJ {j\ -lLj 

CjLjjjJ! llLIj jjlc. jJu jJsj * Lla )Lj-a^j pk m j-cjJ-a j! 3jjL e_ij —oj Lo-i 

J}L>. ^ 4175 jjfej 2009 j, 14*0.0 4 -jJ jjJI 4.j 4 1 * J1 

'* ^ J 

. ^4-1 L*J! * L>- j I ( n I" V 4 ^yc 4_A^t_i 4^jj 193475 jJfcJ t 3jIuaJ I illij 

c ^ Ur UAJl Cr 4itI! J - ii J Li 4 -us Li- Cj Lajii a ^ya ^ jc_u I L 4 

cLLIj L_-*JJ^J 1 ] 4J _J_dJ I Llilj _=►. JjLiJI LirwjJ Cyi jjl—jfc-fl 

* II a (_ r lc. L56J (j-uSLjJ 4JLAI 4_> «-< jh>. U. Ojj iLlU LllLfcijVl 

.(1 — 14) ,Jjjl>JI Ljv^* L^ i^ILlII 


j hL ' T1 4£lo£J L5 4a j^jUJl LljvjJT Aja* * Wi TI l_i V 1^11 > * uy :( 1 - 14) J^ll>JI 

.2009j 2000 (j^aLaJI jo La SjJluJI 4 1 nI-><"it,I 4 j1L*JI CjUj^oJU ^-o_L*JI 

4 

.(8-6 £_>-lji.1 t jj9 ALk ■ oX 1 ljULoJH Laflj LJVL>dl >-d* 'i (4j) 




>_j 

JUII 


4_i^oL>J 1 4 _i31jJ-uiJI oLiia-iJI 

^jLJL 

JjVi i 

] 

- ■*- 

4d^UI 

^LJI 

CjLluLj f 

i^j Lij. i i 11 ■ 

- 

t 

- . -4— 

■ ■ t-'l jLtd yS ^jUI old j >ln~i 

4jjoVIj i _ r.r,<\ 


Jljtja yA ^>LJI ol a i iU~i 

4_) Q ■ 1 | 1 '-WJ t j-| >*~C r T | 

t 

JuJLJI | 

\ 

jjl Adfca 11 j <_ ;r L>^>JI uauJI 

^LJ! 

d r [ i _^£i y 11 1 11 . ~ 11 a ■ ■ L< t 

“ > 

d III l A ^ 1 i“» A I 1 j 

te'j- 51 1 

431 l~t 11 Jbt^ [ _ r S ^jLJI 01 a.j i In i 
dJjLSCjllj SjuJjhJI 

jaiUJI 

eLuoli- 3 J_)_l_>- l~i[ il5~ ,"iL^il ■~.,~ t Cl ' 

i 

4jjjLJI 1 <_d_i_u3^jj T"ijjLi 

J ^- " \ 

^aUJI 

} 
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Cxjij • La j £yA 3l2j—toil <■»* »i lLjLojIaI! (jr^J 

LoLoIaI JjjJI Id, 1 ^ 1 Ij. i a t^JUJI <JLajj->* ^ysjju tin < in a ^ j <y u*\~\ 

j» 

ijjlll! Jl atxJ 4,5It,ill 4 _ijwI j 4 w nnr ill 4„tx.. witVlj 

.(2008 — 2000) I^-lT CJjL^tlll ^1 i-uJl 4ji ajJi I I (jMJU 

j. Ail I ^ L^j *(4 - 14) J< A» ^ JjjJI ciUj ^1 

^yic. Cijlj I i jjLULi 4_SLuJU 4 _l1o 13Ij 4 -lo 111! dilx.jjuo^ll _3 ^gitJI 

. UL, Sj^jJ.1 2 ^jaJI J|^L>. <ulLJ! cjLjjjjJLj 3j^_lL_Lo 4 u 4i>jj 1000 



n jjj_n i^JaL-Li^^uju Uj>>:(2- 14) jsl-ui 

t4 t*n un 4 jILjJI Su^JaII iLLj^aJL <U~<>i <TI cJjlJI ill—>><T1 

La < jr l£. /J< -tTI ' 4 ^ Jnjll CjUL-JI iU'*»j) 2008 j 2000 U^La 3jJLi)l 

.(8 - 6 l Jja 31 rt.7i.tii a i^jLajJjua ^y» ■ A^1T 


jjLJl fll 

-*■ 11 aj ^ ij i ^ ^\ li i^uajJa i L3l «.w Lj^j L*^ 

3j jLaJI 3jLp^frH Ljj>«jJj-.<UI l_d_)V tili jj * *1 j-lu Jl». ^JjdUj ^.oitJI 

4_>3JLalJLI 4 _jjw! CjIj 137JI j-t&j t4j_ i_uL*ojVI ^i*Jl 

CjL. 1 Innll-J jjLil! CjLj_L3j iI ni j3j . 3J_>.1j <Uj^j ^3 

i_4^a t Ij £ Lit VI 4_3 ^j)d^ 4 4 ^! 4 41*1 nr U 4 j^ l *.11 

^ jJI j^sVI _i_uJlj Cj 1 nr 7 Ul CiLiusj ^Jl mL £. L_»LacjVLi t tl 

(j I LujjC. ^Jj . J i4 ^ya 43 j ^*_4 fj 4jj JL>. CjI Ln~ jl£! Ibl ^ II 

jlj-HI iitia (J lS JljIj^I I ^LclifcVI I j ^jllll Ia>. jJ ^j 1 
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J-3LJ 4-y-a- Jlj 4 j^LuVI l £\ni i Hyaj 4 _lCLL^ aJi _lJ1 CjLa^Sk L;r 3 

j* ^ ** 

(j-a ^-u£ 1 4 if doe_ l«j I ^.al*II JL^JI JajJijj c~i —ll^ (jl 

Jya 3^-p^l 4 jljjVI J j) 3 < 11 ^JI^Ld 4_aJLj_>JI diljoe-*-Uj 4 jjj) lr> / uVt 

Li!I jLuallal)) La 0-ajJtJ->_ul Jl3j 

jl^u c- Ij-d j I J-fJJ tlh* 3 *Lo*jJj)i£u di4iilt"i l,I 4 _jjL fcjJI 

~ J» 

^I...Hj cjl r Vill jf i«ua dLl V U*$ .Nano-products 4jyUJI djbeiillj 

4jj 1 Tr“i 1 lj <Li.C-l ;.^>H dil£^> i oil I^yy5> Ljj 1 ajll _ lm \ LsJufc C Ofc_iJr> 1 4jyLiJI 

^-Li-o Ij . jL^LIl ^ya ^jLaj 4_j_1.Lc. 3j-i-u ^^3 ^ya 4 AjLa i ^ ^ > ^jaa^Kj 

L^wyJJ— cjjlj jl 4 ((Nan jjLj» 4—aJSLa 4 a < yl J*a_UjU ^—jJLa i^j^l 

^ 3 b <-S j-w t ^JL*Jl tljtj I _a I (ft _ i-ui.1 jLbu I i \ 4 i j i i «Vi 

dll^-u^-ll J-lS j ik 't\\ ia LjL>*j L>. 'iJ 


^jLJI L*->»jJ $ iG^j&jl4UM.VI• 

di1 < <i 4Lla i ^jydJ 1 1 Jl& *~ \ !r> a JLla L^jL^ y*_u ^ 4-lcLLu^JI JjjJI cJij 

4j3.mU“i 11 j 4_il^J 1 4_La_ JujVI 4_al_C j ^J] i_3Jl^j t - I 4^ab>. 4_tyyd 

oUIjJ <jf£- dUjj 4-aJufljJLl l^jU-j_aL>a t yiLlJ I 1 —'&"i 1 

r JJ 

I JlA (j \ ^jiaj —a (tyjnst-J^ . 4_ajL-saJI 4 j^ntI 4jSl 111 ^-> 1 jl^VI 

4.) l \ I t h ^yjL^r jJ I I » j I « 4_aL>.1» 3jj 1_ ma / a ^ya Jl! y] Jl^ ^ l a" AVI 

jji i^a (3^,5 ‘^JljJl>. 4_lC 1 a~y I ^c-ukLLaj jl L^t-u_ujjj I JU^G aL>- 
L>"j3j Lt>. I j ^JjlJI jl on I H^U 

(JUJ! L;r ic jt— a.L a 11 olLl 3^' ^—Jjlo-alLflVl 3jXJl Cj LAjj Jl3j 

J 0±£ L;r ic i2008 ^L*J1 ^LjI ^ya nj*~ 3j—_jglr> JUlj ,dj> i n L> 

t_ < i^jl£La 3 j3^s j 3 ^^J1 i 11 (jyic- IxU jLaTu i_uVl 4^1_3 j 

c / Q \ 

jjjJI 4ya-Al tdjjyll 4 jjLu»j^VI 3jyfv \ I lIIIj CjLjajj lZjJL^I La^ - 4juyu 

yy ttlylj 1 vLu L->. yjj) 11 j —LkJ 1 4JjJ3 _II 

i4J Miy^Jl (( jjLlII Lo->» ylj) j^f)» Jjlj ^ Hj 14_j_>-ylj ^“i 11 4 3yLll 

. 4j>»yuo >.Llj i~uTlI 4 yfc j“ 1 u *^ I 4 j IJI j 
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SjLstHli (3j-“ ^plxjj tjjis 1 A# A LjLj IjSJ* 

jij^ujVI ^yja Lajjjkj _iIL^ jLscIIaj 1^*1 ml L^jwjJo JiLi- y-* 

<^3 jjVl £_Li I i*l] JJ <jl£ J^j . ^Lu^ I lZj^/Ljc-4 Cj^X. jjl Jlaj J^*-J Loj^j 

* 

L^jLaId ^yla ^jlj i jl^uVlj ^IjljVI ^yj\ * 4-> 4 jjjL»]I il>l JfcUllI > In jj^j <j 1 

(JjbtUl ^1 jj—II 1 JJfc Ll>o yA • j i <w1I j 5j^>JI C. 


/i i s-\ 


tt__«_(_ul^->Jl S^^l JIa .4jj)c-j*-t' I cZ-iL*_i la 4 22>i ^jJi t ,X -jlj^Hj 

^IxVl t^j.a,j.. *,»jJLl jJjiuluj _ c«j 3^4>.|j lJuIj^JI 

S!jl>- oj^luz ^bfc_>.l Cj Lilli iAk {ja ,JjLa f£ ^^lc SjjLiJ! 

Jj J yA 4jj J tyJj JaCj ^ i - < ii I ^ o" n —<~ii 1 860 jli£l ^^_JI 

^3t>. jl) (4^1 Ij. ic <a 4_j^jLj oLauiLoj ^1 . i» ^LjjLj (3 — 14 _^Jl) |<i_—JL lII 

(4 — 14) JSLuJI ti/ujj jVjj jLIL* 146 jjti 2007 ^L*J1 L^jLij^ 

^ 2008 ^L*JI 4j^jLill lZj! Tr'iiJLl { yA 4uila^c_ll CjLoaJI Cj U +J, A^i\ 1.1 m i 11 

(5 — 14) i."J 1 i L»1 Jub . <Ll3 J£L1 <_i £ix.t kvj 1 CjVLs&I I JSj 4x.jj-o 

? 

. CjLlj.j- 1I dLlj <LstlUl JjjJI 4-Jjail u < ijj I 



^ * ■ -11 Jj. 1 -I t 1 C. 4, )yj LUI ^1 <<blT 4.> i U. t uilSj t.u TI J. ij^ l :^ 3 - 14) iiuMiT t 

4 m t yj D t i ii i ) |^j (JS. <7>TIj .uL£ j__i2jJ t tj. 1 UiJ <tSL!HI i LxJI 4.^ mUjJI 

\ " 

.( 10 yA 51 rt~ Mill >y \ ujDLuJl 4JT ic I jL^lC I 
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J* jlM§ ^ ^(Ul 




>u4iJt <L*jUilj <u3lji.l 


.4 


L^UkJI 


>_3 liii*> ~l u)lj 

4j^jYI .4-i>»ljj>Jt iIIjjY 
^ i i T | j i 3 LAJtJ Ij 


^Ul^dj^SJ Ij I 


jYL^w*, 



JIjjYI .4xj_^SJI aj^>Yl 

I i—»L*^1“ i itl I j 


jljU 

u_>l j-i-^ t ji ^ Yl.A jLJ 1 
.iucljjJl oLaYl ul.i i i 

f LLaii -_j^_»-_Lfl AJtll 
4-i-U*. YI ^LLJJji uaJ i~ij 


3J^>-YI .4_i^J_>J I ■•“■> • ■•■! 

I ^j j. —jL u 11 ii >« f I . d 11 jj j ~ ^' YI 
4.t-oJijJ I 4_i£ I 1^ 


1 Aj^jLJI ill 1 >i lit. t 4 a I ~i_tk1 I ujLuiJI ill AajJ. 4__l^lX I i I mij I : ( 4 - 14) | J5 L-mjJ I 

|^1 --t') .4. \9i JSU 4 * 7t i .La“i TI ilYl -nil ^5 4—.2008 fL_aJ t 

.(11 I ^_ya a12~ lA I <UlLua»Yl ilUL-Jl IjlaTiX I <_aJ jl 1 4Iru.il^j 


7% 



^yU I 4-ljjUJ I ill >i~i <1.1 ^y» 4 <1 l~i >i 11 ill ~i A M i— iLjl.-J, 4^_i^-ill < i tii ill ^5 - 1 4) .Ti 11 

a-uiLJ JSL-jJI). J5J 4 iU~.n ujYl>ji 4iij3_a .2008 ^l&ji uu 

.(11 ^y» alii" mil <UlL*-ajvY' ilLjL-J I 4lrn.il^j 



jjLJl < 

^_LUJI ^LU! Ijl- 


n* • 

1 ^_j-£J1 ^—LUJ1 I j— j±> > < nj 0— 4 

^llLiVl t. r jILl-u! ill! ~ar"i 111 J -I_*JI ^IojL) 

CjL£j _ill l_4_>Lw 14 J~I nr x ! t JlA Lt2> !j CjL*_4L>JI I I 1 ^ 
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^Ul L»*i 


L$ ...nil j ~ ^ ' ^jTjj 1 4^_>- iSkl 11 l ya 4j1 L _ 7 —lx. t ^l—jjVl 

.-Li! 2 i j { w^jJ.i s\~t I \^ ^IojVI Cj 1 j 14AJ 4 bit’ll I 4 _oj^jJ 1 4 11 ^_J_y^LajJl 

^_yJ \ CjI^.I^j jj— c. JuShj _C. 

4-j^jLlh jij_iL) 4^um ^ j i ^~> i \ ^«. * a i*> i ^ j i ^~. <ji 

2000 l/'—j La 3jJLiJI i l ^jJLc, cL^Uil 1 ai>-I^ 

. (15 " 12) S.|^ 44867 ^1 ,2007j 
4_>-jJ^aJU £2yij>-VI CjUIj-J ^yJLoj > >Vl jJulII ^6 — 14) 1 

TjU) La SjJLiJl ^jLLII oL^Li-dLaJj LojwjJ^ iSLij 4 oLlLs ^j i Ij^a ^^3 

. 3^~ n 11 iill3 OI j 11 it ^ya 4.1., < u 4^.j^>s *2007j 2000 (j-^LiJI 

(_y3 ^j) 11 u 11 jAi\\ JjUua i Irt i nyua <_>L .<,»->» ijJSL—aoJI ljufc £ya LLx£Lajj 

\S^3 *3jj—SjlU 3y n II <>jub cjUI^jJI ^ 11~ j I, l .c. j 

J_»LUI» ^Lij^l ^ LvP> ^ -*■ -y. I j^_La_a lj^a-» La^a <4 jLU ^ 3 1 8 
^ ~ 

^Jl iiaj 1 4_^UJI 4_j^jLlJI <Jl>LaaIilXi jLjjl^ k<^ So 

. (16) Ljio, jlj^Vl 





Ply i*< 4£jye yLxJI Li-'v^Jj) IS 11 4 £\j ~i'vVl wildly 2t»lC. :(6 — 14) tall 

^ic bU^uil 4 to, nil^j dju4ij ^j j5L_Jjt) 2007 $ 2000 jyLxJt (jyj L» 5j_14Jl 

.(15- 12 £_>- y» 31 n"< inji 4-i^l i^i -v V! ljULcJ t 
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^ jlxi g-43 jjuji 

3jjj_a]| L^jL?cj_Lo^ *j iLUl Lo.^J^ 'fti ) 3j jI^JI lIj 13j i U~ 11 jl L»l (jy ^ 

LgJ l_3j^u tJ^uiLi ^JLsJI Jj-i (jp3 « LaL-u LaLLl^jX. ( _- r lj t3j j fl"i I. Ij 

:4_jJIjJI lLsLSJJI l_AjLfcjl * 4 311*11 t i, ..1^ t \ {jjq 

4JujJt JL>w* • 

. 4 jjI -1 I 4 _v 3 j_>J I o Lj X \$ 4_>^jJ 1 4_>J Ljco — 
l 1>1 /j i xiJelil JL»ol (J^A-%. ( j_a i^L>J| _>l jl! dJ!vL^j-i-ul Cj^Jjla azr~ — 
.jjLlII LjkjJjJSIj 4_*uUJI 4-jJjj^tHJI CjIx. 1 1 is ^\I ^3 

3jL3j i_uVl ij^r 11 4jjHI CjljLiJI CjI(_£jjj—«- u_a (jJajjiitJ — 

. 4-ila,I L^Li-Jl J) J i In" 3i>^ O*- ^J Ml * 1 A^LLxII 4 jit 311 


{jC. 1L1 <_3—jiSLJIj ^ 1 LraJ 1 ^ 


M <ULcjJlj t-Jall JL>%4 1 

4jil. I i^a 3p LaS” 3_il jj — 

« 4j iIrk 11 ^^LSjlJI ^ *IjjJI 4-jlc.Ui j ii->o — 

1 Lpalj-cVlj (jLLsj-tiJI 4j&fll£L« — 

. 4u_>.Ij_^-JI uls 1 jl^tl \ Of. La£ 3_ijJjlaJ — 


4-Jj^JkJl Oijj* • 

dLill 4 _lL>oj 4—>JLjco (3i>^ O*- ^4->j /nil o\-A, 4_L*sl j_}Ll ^>3 j—^ “ 

.^jLiJI cjLlL3j ^ U.. ..1 j.i 4_>J LI I 

^eJLi-o < njtrii pLo ^ _Lc. 3j? *^ 1 ^ *dlj-U jJJJlj CjI _J-Lnj Of. La£ £._3j — 

.^5/1 r ljLi^>U 


c.1 juJl * 

^yC. i 4jj •>■ irfill ^-uo I j V I ^^1 ~i i u 3 ‘ 4_iC. I 4_)^jJI Of. Lo^ ^_3j — 

.4^1111 l!) Lu-£i3e_l i ^ I jL^fea i n I 
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*iJU 


. I 4 J 4 m til CitijUl <L>JLjl>3J 4 4j^jJI <Lvj_La ^SLstt^Jl — 

. CjI m 1 n'a-’ill 4^Ludlj 4 4^qjlL> VI CjLscjJJ. 4_jjIjl*JI 4 *; jJLlI — 


54Lj.j ^jUU JA 

>- ..f I ^L^VI ^Ujl lajfc-jJjl£j CjIoISj ^)l (jyJ] IjJeu 

Ijlj Jdib jJl 4 j3 ~v (jJ_I j jLj! J.Sfl *3jLll CjLjj^^J CjIj. I > 

Lj->-^Jj) 11 Cy^>- (jy^i i_£3»- 1 AjwIjjI j £jjLJI 31 

i Vl (j « a 11 Cj I j| i i * 1 11 33 t 4_j^jL^3 jj-<jV| lLoI j Jl^j . I 

I 1 j-w j'K', 11 CjI _j 131 £-A ^jLlII Ll>.jJj j£j CjL_xL3j t"« 3 iLaj 

Ji- I JlU I I J, _gj 1.134 . « 4 j^-L>J I J__) LU I 2 » 4 I In A Cu _2NJ 

3° 3jL3j _i_uVI Ijlj Jl2l 3 I jJ i ( _^3-*_J! 4 j j I III jIjI (J*_Iuj». jJ j i < C~tll 

4_uaLv 4 4_I £lHj 4judL>JI 4+^Ul J_II 

L^SLll<4 i (Pll CjLuiuJI < f 11 ") 3° J^ 5 L) '-j 1 t 5 J JljlLo CjLlLoj dill* t ^jLlII 

4jl3j £l_ i_ujI 3jLjj — p Jj 4_i_t ullLj — I JlAj . 4_j^l>JI jJ^_l£jjJI 

3-^ L 5-0 4 ^jLLII l—)^~n 4-Laujj-il 4 jjbM>«V| 3jj tn.^ll 

♦ ^3 1 ,ii.lI J^-jQJI 4 _i a! >■ j i^Ia^JI 

JIaILj «l.t.L^>jj » : 3^-4^ J Sjkjjjw j&j J£J L7 ^ dl— <1> Vj 

^lj->. l.Lt.l^; Jij) •") \ c__4_k-ulSLl Ij JljI j^jl 4 x.j-o-3c_a ^ _a 

fjj}\ Lje-tIj lIiLj jLstjJ! 4 x.JILcj u Lojjla)) 4 1 ^jL3-la^j 

J^jJI ^-LLj! ^1*311 3 J * 11 1 14f cL)Jl>«j Jl5 

4_aI Jiitj—4_ul 4j JllLo 4 4j.^.l uaJI 4 j^j-iJI 4^LLaJI CjLoIjlscj i_ulj 

.cdJj ^ 4_JV jlU 

f 

4j^L?J! 4_>3j_Ll! ^JoVlj ) ^>-il^JI 3 J.»^ ^y.S.ta.UI {ja (Jojul) ^ 

t~tl 1 1 \ l 1 ts-kA\ ^ 4 1 ^ jw I 4 L 2 JJ 1 4 1 1 i t L I k**< t 3 t**il i <) 


, L^J 4_JU3 UJI LkjJolie-flj I d~ *-!.‘^J 1 L^JLtjjfc Lijv3^1^ 4 4^MI I 

3JjaeZlll ^-4&Vl O-laJ J— 

UNESCO United Nations Educational 4 Scientific and Cultural 
I Jz u>. 36 ..iAl 4 1 2L3x..La 4 L>J JM 43 Organization) 
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Igjlr I — l^Jl1 {J7 ^ 4^jl AIL <ViI — diL^ 

The IJ 4j<gl« II i_3jLaJ,l diL^^U*.^ 4 -iJIIjlJI 4 i y li I » ‘ ~ ■ ...iaj^TI 

World Commission on the Ethics of Scientific Knowledge and 
jLllo J°> dULdlll 4 1 i til iu Aac. Technology, (COMEST) 

i< jr A^U,l £ja ^t->4 4—IjJ i^oJL*Jl fjA 4dftV a 

i j r a 4_l 3^U^I tjLua_aJlj j-Lalitil jLljI 4-JI3Ll 1 dUjj 

J}L>. {_y a i LAjIjV ^ Ju^alll 4^ii t 4 jj_>LlI I _}l j 4 11 4_jjw^ lj K" 1 1 dll 5 j i ln"t 11 

* * 

. 4_c^_La (j-u Ii^3j ^_Ld I 

i4lalrt JuJIj 4 -i£. j t 4 j JLi_>JL) 4 i^r 111 dJufc JL^cJ di^jd 1 Jl3j 


LfcjljTj LajLlJ I 4 i^i^iLLq £-A L l_AJU jL>lj ^JoLjfcJtl dllj 4 l 0 1 rft ^y3 4 ft 4*1 U 
4 jlHUI 4jjL*JI 3jj J II ^pual-A dil—uii> di, idf J3j . j_ajjc.II ^ 4 

,2003 fftdl J l.ilJJl dlj.dt.il ( J ylll «d<_t-U-d^JI )) d> Ll U", V 

SjjjJI diLc. 14 ~i~v.I dUJ£j iJjjl^-jLJLi «j^_ul_>. 4 Jj jua ^3 

2005 ^L*JI { j r a ^jLo ^3 dijLdJul (jyjJI * _uid'i 41 Jr II 4 _*jIjJI 4jjL*_II 

3^^- i3i>^ 3^_ll 4_ lIbLH 4 JliMjLj ^3 ((dJ^^LiL)) 4_ijJua ^ 3 

4_j_iL_uJI jliiVl J L*_> 1 4 _JLl31_Lo 4_o-^La-j 4J 1 4 jj*» 111 (jj 1 u 

j 

jlj^.1 5 ^ ^ *1J 4 /i < 1^**> ^A 1 jpLill 1 ^ i dll d. Ll Ld J 4-dJjtHl, 1 j L^ 1 _~>- 1 . 1 ^ 

«■ * 

d * Us *,a \ f 1 VI JjJlU ^Jiil ^L*JI jLLoVI JUU i k 4_l^jjv^j 4_djjj 5 Jj-a-u-a » 
^j-uJjLi 4jjJi_d ^^3 4-ul m*I > nI dllj JlAJ 4 <Tr 111 ,~i. l7tc j . 3Jdtll.1 

i4_dJJjJl dllj 4A3U dU jj 2006 ^L*J' ^yA _ Oj ‘ L-uJj-OJ 


431 di^Lj J jfcjJI 


u 43LtlaLl I 3^—tlJI i _ T ic. 

, 1 ^ i t 1 1 ** I 1 I « I 


4d jrU* 

I I Jufc {ja I . JLdjd I t. ais \ i\a JlLo jj Lii I Lo* jJj) j JI ja 1 ^. L-o 

___ ^ 

^yl^. 4 _ljj 1II 4jjl 1 nil jIjVIj 41 oTt•>*i I jJalitJlLi Jjltlj t i_y^ I^JI i jA 4£.j43e a 

(j 1 (jSLdJ (_ 7 lll j-Iolitll dilj jj-il l j f A JjlIj . 4 A ft sc. 11 diVLfcJll ^y3 1 1 nji lVi 

; 41 1 ftj I Li Lid! Li 4 JLL&I 1 1 dUj ^j 111 I Ll^^I di I ^ j 1 ^a 1 ^ ^ < >-» 
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.4_L3^Li-l — 

• 4_X.Lgj3>I LLua£ — 
. 4_i JLualL3I LiLuaii — 
. ^ i n I LiLCsiS — 

. 4 _jjjl_Lll jljll Toxicology \laL^ 4 a1cu Lida - 

Aj^jLLII jljJLl 4_j ^ La IjJqj t Luaj 4 c. j 1, l in.,*") t— a^II _ jj 

^jA 4 x.JA-*A J—OJJ ^ jjl jaVI ‘ I 4 J Ij rt <"i 

: I 4 I 1 J ^a ^pJlj ‘U=LhA^ 

». y 

i i il 4 • a I 4_1 LU | JI ^ ^11 4 Uj X 1 j 1^* d « 11U |_j d 1 ♦" a | ^ A — 

J 

j-i jj I JlAj . dJj-3ei.l (JAjlILs Jjt iV.n f L^UjIIa dj jLdJl ^ JX.J 

U Ijl la JLkjlj l^jlr 1 nl! 4 jjLstA J-co^ JL 4 I 3 J 

CjMcLajJI 4 1 mU lTVJ i 6 'J? (jl AjJ 1 -L3j . dll j jaVI 

(jA V| i L^sLfljj iii n-n ^jJI 1 4_j^jJ1 CjVxUUj 4jj 1 l"> 4*ii iVl 4 i I ml fciuJI 


. 4_usL>- Cj 


J>L^ 


l^U dJaJLv Cj^LjLc. *4jjji_i]| jIjaII 4_o*LL>Vl CjVjjlU _AJjl — 

La ^a 4_i_)Lj djjlw 1 a 11 JlIc (Jjjoj 1 JlAj . 4jajj 4_i_1/ dj^-uaj 

.4JaVI Cj1a_VV" 1 1 n^L! 4-jfaoLiJI jl_$ll dlij 4 oLa 1 ^jl4ua ^Jx. 

y 

jIjaII 4 ttJu. 1 I (Jj jJ! 4-xb^AJ ^ jJI JaLSU! ^j*i«"ll I Jl^j ^Luj j» -vI j-A — 

t y 

4x,LLuoj t4 j^*\ mi 1 II CjUj_lL11U ^I>VI fj^Si ^J^cHl—juuj 4jjjLjJI 

.JaIAJI jUjJI 4j*1^I 

{'jfS Jju dJjl—ilj JjjJI Cj LajSLv J-lc CjjJ^j 4jJaI jj-hj^Ij-A — 

jJjjJI dltJj .^Ull ^ 1 ^* 1 1 4jd jlx LaJJ 4 ti■> i -1^1^V 

^ Jx. ^JuJLj j-x —C*j ^jy-Aj 4 _l^dI>- a II I JL^j j-x —C*j ^jl ^^9 I 
1 jualLa ^^9 ioJ*$a ^^ILiJI JoL-Jalll ijr £ L^j£j1_ lLa ^ jx. 

JjjJI Oj In" n —Jl j^jLualLaVlj ^aIxII —culLi ^1 «Vi { j } m >*lj^fc ~ 

iJ^a a ju jJL<Cu>» I 5jl jjj 1 4^j>- X~ 11 jjLlII Cj la i a" t' ^j 4_iiiitlill 

. L^jjLstJj jjLlII Lo» 3 J^iCi 4 LlA 1 u (j\jj L^J_u 4 xw y^}<:J 1 d^iar dll 
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^0 jla»§ ^riUt 


^aUjt 3 ) 3 133 

LliVbtli jjLjJI Lo»-jJ j) X~ CjLLj-jlLlII 4 t Tr.ijiil'3 3 JX. I 3 JI ^jLjJJI CjJI 
4-j Ix^J I j t - < In 113 if. Ij jJI if.\ JukJl 14 i i 11 Li 4 _oLljJJ IjLuadl ^j-u-4J t _ 7 3JI 4_i31 j_>J I 
£jl3JI 4 _uj l^yLl iJT jLcjyi <>>j ^jl ^Jl 4 j t i «n 11 

United Nations Millennium Development Goals MDGs 5 j_-*-'11 

t—31 JJfcVl (jj2Tr"it iiiL-ul ^jl 4j133 £ 2005 ^ L—«D ^ — £ 

3Jl>> t j_a t I3 <> »~i llj 4 j .qII! L) 4_u 3 L>J 1 eGJllLlI 4_uiJ^U 4—1 

JjjJI ((^jjLUI JlU » 3 $ j 3311 {jC- <Lq^vLUI ( J^l__*Iill 

Ljyx^j <_ r ic. t4_X ^JLlII ^J-uojJ jJLol <Jj i Ja34 Li-v^J j)X~i 4_cJt3~i11 

juJlc. ^J-lS ^ 1^1 aV I \j-±j& jJLij 3 Jlc. I3J 1 j£jl 1I dl3 CjIjljj 

t JLl^JI t4^j^»L>JI cl^ 3 i^^y^l-lll ^cJLjlI! J 3J 

h-lL i3jj^L*J iuj i Lx3jj- 5 I i i£y- _^jVi 


iOj LlIVLj Cj-^3 * 4Jj-* l i L^-JLo * \ » t »j >jjl3| 

jjLUI 3j^3 di.31—<_u ^ 1 X~ 11 4ajL3J I CjI r Lu^II t 

i JuJl>J| LiKLJI In3 t 4_LajJ^JJ CjLz. 1_Li_oJI JliJj>J1 4xL i_i-o 

4_Uj^^Jl CjI JjlLIj Qj V 1 4x.l i ilIjIjLj i_uJI 4-g.LLua 

k 4 Lj Lit) 4 _l1_uo 4 _i~i 4 j n ^ 11 LojIj i >o (4— 

(yl! 4^L^yL I j_A . Laj-j^j {j£- 4j^oLiJI 1 djj 4_4_jt_uo x < 

4_lCLLu^JI (JjJ_II JjlS (J-*_3JLj C-)jX~i-y I J_£ Cjlx.1 i i^ll d_13 

J^jJI t—fiL-a-c Jj—11 1^3^-La 4_i_aLlil J—II i (j—^ jl 

, 33 -“ 4 _(-u^LUl 4 j _liiUJI Jjdl 4a^ tit i^ij Lc- 4 t^ydajJI 

. L^jl Tr-~t 1 43 ^j^ul 1 

^J->. ? _i-d I i d>- 3 J 3 X311 a-Lrffe 4 _l> 3 LiJ I LlJj J Cj 1 \ Jl3 j 

, 4^1 L-» \\j a LI I i 4 \ i jJ I 14_-ar.i rn 1' CjV L^cj 4 31*31.1 1 ^K L~„ & j j"X ^]j>- 
. 4j, 1jI3"i1I 33 -JdI 3 JI 3 II L 4 J J^Lx JL?clj| Cjjrrc (j^jJI JXLdil d-l3 

»1 I>>3II 4 JI t3ll 4^c-<kl _l-u-LI ^jLLII CjI nj iXti~i ^.533 3 ! JX 3 XI ^)-4J 

J^qX- i _y=>j£ ( J.V >JI Cy-i 4-1 LLa-J I oj —ALli u^- 

• 4_4Jl3jl1I l £\rtj il^"» ^ lx. cUjL 3JI 4_^>.l3j^lj 4 u J > jJ I ~ > 1 r aj ,1.1 \ 
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Cj 1J 5 \ 1—j->* i^J^oJI iJ7 h j i LlJ I Li_>- iK~ 3j) ^~~ J * ^ ^^ 

/ys Jl>.!j ggia ■ 1 jU.j" ^ » A,j,> i5_i JjlLII CjLal jJtg eJa jLLbI 

1 JlA Jj iJUJl 4agxtaJJ . ^ 3 j iIr>~ ^yo 4jjjI_LJI 1 ) a 

jjLJI Lx>-^Jjg£lj i AC. LiJoj <jl j_>.jJLI ^y*£ i I jJ . ^IgjVl 4 aKl VI ^_II 

^Ll ill [ # A-j JuflJ J^LV ^jg9 v-dJjj i4_yjl_Lll qLiLH (jjA 4gjwlgjVI 3 jJl 2JI £>-a 

^ lx (Jj) i*-> ‘s 11 (j a </-n l — 4-a i4ggagV.jj a 4_■!,,•, j,,1^1 CjI jl<nl 5 JL -J Jl>- 


^ ^ajL5cj_«_uJ j * 1 “ I' 4-/ia Aae-La * 4_4_i_dJ I 4 -jJLc. 4_l>-^ Cj L^c_j_Lc 

^ylll 4g^gjJI CjI _J^lj. I {jj* — _.*L.^l A j Jl 3 V] 1^ iX C...31 Vlu V 14x. j) m a 

. Lgg^JLl_4J I jl^ ttj L->j , ,.Tl 


^jLJl L*->^13 • 

4gj^jtJI LlljjJ xj l .iX (2 ~ 14) _ jJI Oj ^l^>j L$_a jJI (jr — ix 

i^jLill l—jJj) '&. 3j ^1 *j _VJ I L_3g$LU ^ flUJ l j tliill 4-^.1 i~u ^jX 

{_}£. Jbai I Jl^J 4—a I >" 11 4 tk -*- 11 Ij 4 j gl» II 4_Ica—iIuVI c_iLiX ( _ jr Jju V I j A 

fJLt-II J^>0 JlIa t^^Vl 3^-oJJj 4 jL3 l LaJ—i_u Uj^Ii Lo£j .4 -ij^jlJI 1 )~iiikio 


I I lj _ ~ilC ^jgjloJ I I jJj IJI (j^ _J^-I I 4_iX. i I^rkl I 4 j I _3 

£-A 4_Uj-jJf JjjJI {jJ* J i~i*\ 1 4jgStegjlj 4 _la 1*JI 4k/u lVij 4x13.1.11 CjLoL^j-aVI 
1 A a~. a I <Lo ,1 a~ 11 4 -jX.I i t^k.I! JjjJI ^Vbtllj CjLqI 4 " 4>VI cil_1 j 


^_lL>JI 4 3In I <0 4_u^_*JI I—Llj_i ^yo ^y^*} —J ■ JLxB 

^jA4j ^^y-aj^Vl JLq— iLJL) ^jjlJI jLLaJjlj tOJ^LII i4jJ^a— laJI) 

j 111 ■ ■■ Lj Ly~*J ^**-1 Cj~^ jlakJI cZj< <> 

j^Liiii 1 j_a ^1 lu^i 1 . jjLlii Lxx^jjgijj pixi j^ycj 


ijjl^L>JI jJii-4 i^j^.1 4 Sjrt mi 4gjjX. i4- JLseJLI (jy }3 ^Jj-iJI ^jLstgjl 

4 IL 3 Ijla ^jjj . ^ U m la j tCjljLaVI 

^cX. _i 4ga J all I JLs Lxv^Jji j&u 11 jj_i 4 j 4 <bLj *i >» 11 Ljlj ^^Ix. Jjlj 

UKI mi>o jjLUI Lx>>^Jj) 1^1 djljjl t^jjsJLil jLuaisVl jjJjLjj 

4_i5t_uaJI 4 jLxjJI j-xS^j j I (j-^31ji. I 4_ u.kXXA ^ i_u_>tJj i 4gg^aJU <_u_l I 

. 4J 4 j 1 InII iljLa JlVJ Ij 


288 






4_JI La, aJuj-i La 1 1 n n -v- Jl£ Lul Jj^JI Ir>~_cuJ V i ^ i Ir> U-i_o 

LLaLol Jlj Lo 3d>^^ flU JfcjJI jLseJLI IjLA *1—o 1*^ 

djjo.^ jJjj . La j_ti 1 ^1^. 4_cU_*JI 4 t n'^Lillj *\~<*\ ^Lj^-L 

\ & o 1 3j. j a a 11 j 4_u t \ 1 ^ 3 4 j~<3e-, J 1 CjLoI q'laVI ^jLJI 

4-lo L11 4_(jifllJl! 4 _lL>- dJj»—^1 Ji3 t4jl j di— 3jJl ^,3^ _ cLiJIj 

U£ t43jjtilj ^ It II ^,-Lc. ^ojLSJI jUi"—coVI ^Ixa d)jj C.j 14_fljj jJI 

31 ^3 J^jijl (3^^ CjLI^-ij 4jj£-aJI 4 j^LLjl 4 j A- AI djj^j I 1—^)1 

^^3 4j^j LLgj 4_>» LaS d) 1^_4J O 'j t 4 _lC. IjuVl 4~t In <» ^ I ^Lu jiLiuafcj 

SjjLi t jlc.1^11 L^jL _dj L^jL^Ijlj 4-ij^-jtJI 4^aV lj . ^jJjlJ I ^Lulj J j ts-\ ->0 

^jJI jJLSJL L^C.LdSjl ^ nmi i^J^SfeUI IjLA 4 1^-0 

. 1 £_« UluLuJ 

Lo 43j-*_<o 4 j o Al (jI-ii*j t^l^JI iJ7 ^ (jr*-' 0 3J " L 

Jj jJ I { _yAX J ^9 LJI Ld*-jJj ^-Lli 4 n.l t.~ o 4_cL^_i 4.^—lid I {_yz jj Jd 
tj^l^-co^ Lf^HJ (jl>ril J^ 3 “L*k mjVl 3 j. i"i 11 4 3 Li Lo ^3 LJ 4 a-^ Lli' 
4_jjL>JI 4djj3t_JI 4_La_*iijVI £j« ji a 11 I JlA 4 ajjfcdJI L^"/ U-iid I 4_jj L2>aj 

^LUJI 4_L_1^X>. lc 4_jjLoJLI dJUb ,.V ^"n" l,^^ 1 .4_u^_»JI l Tiii / a ^ 4 

CjLjjj jJ I ^3 ^jLlJLj 4-dla~iI, I 4 —jj j 11 3L)_9^ J _ i ~^~ i (jr^ t^-c-LtJ I 

lLL 5_col i2008 ^L*JI 4 jL^j ^"1 'vj 2000 4J_cu JlLo 4jJIL*JI 4d^al«JI 

4 j <a 1111 dj^Lae_U jl idjIjJuJIj d)Ldjj 5 jj mi ill Jb/^l ^ 

. (jL-cuAnJI {j-A t4 jl^U 


"a ■ . t UT t A ,,/Al \U j j \U t i t.^A • 

5jj) Am dliLatJ VI JJLC. (j“U 4 _ijLiia (2 — 14) JjJ-l ^_ub^J 

L^j di£jl—d (jt^JI t jjLlII cr^ ^L*JI djLjjjJLj 

A a \rt) a 4jlsI^JI _>-Vl 4_ciiLLl l JjjJI ^yz i4_u^_jlII Jj-dJI 

L*J I Lo Qj < 0 11 ‘^11 1 1 1 in I Ls ^y3 j I iLa-coj VI < << 11 

.2008 j 2000 


289 































£riUJt 


11 $~t tlI LJI 1 i -wjiC t Jl X4 ^9 ^ 4 11 TI j » 0~i T I j m£i^A ( 2 - 14) Jji I •>< 11 

ijjLio \ Jj. t tt 4_J,L»J l 4 a »litl Obj^oJLi 4 j \^ a 11 jljjVl j—j*j 4— h US 

.(7-5 ^4 51 <i~i i ii 4 OULlj^ . Li *4i\ 5jLS 4 . 1.4 U)(g 4 i In <njl £jjm2 1 I 


ijjLili 

^J_U I^Xjj 1_J 

ijjLaJU 

^jUii 

uLfc»L» 

(%) <aiUI 

J-Ul 

£jL*jVI 

1 

<J_5_dl 

iuj^Jl JjjJl .Vjl 

0.18 

0.58 

0.43 

0.300 

589 

j ,y ^ fl 

0.05 

0.18 

0.13 

0.090 

182 


0.05 

0.17 

0.12 

0.088 

171 


0.04 

0.12 

0.09 

0.060 

122 

>—ij-ill 

0.03 

0.10 

0.07 

0.050 

98 

4 ' • - ■■ 11 

0.02 

0.07 

0.06 

0.040 

69 

eP> 

0.01 

0.03 

0.02 

0.02 

32 

( l£>>> Jj j 

0.38 

1.25 

0.92 

0.650 

1263 





d 4 i .jJ 

i Jij-iiJl JjjJI 

^yint 1 '. Lulls 




0.76 

1385 

oW 




0.53 

1017 

L^jj 




1.74 

3363 

iJjjl >^-"l 




2.98 

5765 

A “*• 11 




l_n.J 5 jL5j 4j^jLI] 1 J^jJl ^ya.«-i : LuLii 




18.00 

34825 

(j\ s^aJl 




12.00 

23217 





4.00 

7720 

-wli 




34.00 

65762 

pJ-ATT U 


^jLiJj ijJcx3 t 4jjj^M ‘Jjtjjd! . 


, <Jf Jt >4<j^ jyA I 3JlC III ^iiajj JjLJt 4 _jj jJ.1 lZjLjLuJI q^xscJuj 

JLst-o — «Uj_i 13 — 4—I JjjJLj ^g,,UII j mi ill j — Cu'yA ^JG — 

^JLLftJ! ^3 ^ * 11 ^LljVI Lfli <4 a 11 mjq < m ,iL Cjj>- t ^jl_jJI 

.4jUI ^ 0.65 
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4_jjLqj 3jld J^Li- JLaeJU \jJt Lllx. jj- .-Lil 1 ^^j-tJI j_y-a.ltJl — 

J5L>. 4 -i^Li (Jijji j>-a (jljjl 4 jj r» i Lq JjL*j V 1263) j*lj£.l 

JJL£. <JjJj JJfcJ ^_JI ^yjjjj 1 4 i M I j_A . (4iijj 1385) Ifl xjuJu 

. ^4^jj 3363) I ^ i.n<i 13j i<iJl ^J_ul^j_ul I 4 JJ <_uj (_^-j-JI jjljjVI 

tSjx. Jjic. JU-a jjljjl J^aLiJI jLua_>JI jj_a ^aiijJI ^yic. — 

^ 4 * 111 JI 4-1L amaj jL^u Lq jjujlj, i i»] jju l-*jjjjJ 1 J~ > L^jUa 

L^jJji*V jj 4 a~igll tin injVl Jj-ulJI 4 3 In i a Jjju ^^UkJI ^alt tl 

Lqj i Ljj jI 3j LaJ 4-a^ LUI L-j£j3 (j^£- (3>^J * ‘-^U J lt~^3 * _9— 1 I 

JjJ j_yjfc.jJj }*v" Hj ^ alt II jjjl—* jJL jltVi lulj^a ^j-a jlj->Jl IJ— 4 ] 

. 4_a J_3lll SjLaJ i aJ^b 


Lg Lq (jj^t \ 4o£ C^jl ni ^ jJI Jl>JI ^_JI * L_»_ul 3jLs <j-a jJ^LuaJ! 

3jJx3Jl J^LL i^-JLtJl ^ j" I n a tjr Lc 4 jjjL eliLjfcj! jya J^iilll eldj i I 

. 4jJ L3J* I £_i^DJ-a 

ciilj ^yDj^. 4 I j j (j_a I 3llna u_£Jl^J! 5u ^aJ 4u! t1_lA J_ j^LjJI Jjlj 

(jLa-a (jy 3 4 J'isk 1 !I Ljjj^^. ^Lq t Jjj-Lxll £-In_S jl ^4 aflJI <,In 3 m~ jjfc Cj luLuJ I 

i.l£J * 4 ujjjl! I 1 i*i 3 tn I a ^_9 ^ jj Jut-i Lq jj JI jj5 ( _ ;t jJ I t jj LjJ I L r>»jJj i £j 

jj Ij i 4 jj n- 1 11 Ljjjj -<na 4_Lus Ij_a 3 jjj_lId Jk£j I (j I jj-^j * JI I -^J Cj J_coi 

1 H ^ Lt j a (jVl LLjjJ jj I L*j —lm t4j> LjV I j 4u.al<JI L J t 1 «1 

. ^ jjj>J I Ly r^ jJj 11 J LaeJ, I I Ju5> ^juua-uaitjjj jy\j^ Lj (■ Lglc. 4 ^jjjl1 I 
l!jLqj£Lw L^j ^jjj ^__ "i 11 4 _La!jJ! Jj^j>JI cillj (j|^ ‘ l-LA j_ 7 —JI 4 ^Lu»VLjJ 

j Cl. 1 a^- U.I cIjLvjJ jJuoJ L^j^Lla jjl »_ujl j jr fl 4-1 ~tau.1 Ij x4_ujulJI (jljL- LJI 

aej 4 -BL-o^L t jjUI 1 j^jJji$jj jLst-a _ j^-^JIj 

Lij. 1 11 t4ujj|jJI j j auJ I £_aljuj j^ljua jujutj ( j 7 JI 4_^j>» j_a 3 Ju->* olujlju-a 

4ul J^jll 0^3 Cr^ 1 4 I * ^ JI (jita^JI CjI jj_mJI LbjLaJ ^JJ 

LjJ4^ 3jLj j_a <(j\jjt j U JJ— C. jl jjuj JIJ-aVl dlxJb jl J}J <—i^j—«-u 

Ljjl alt I 4_j c I JuV I j 4jj1£ul>VI CjI _^l^»| 4 Ij i«n^- ^LajjIj 4 jj tt jJ I 

.^11 j^^jJj i^ll I jUell Ijufc ^ 
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t jj LlI I LevjJj) iSu Cj l j_L3j 3 ^d£. Ly i9 4a£jtfti 1 3^■ar a! I i.u"i I ^J!ca-> 

4j 11 .^<i!I jLiiVI ^ii^v I jl>-I t4j^aLiJI «_j^ju>JI l)_ 9A3 ^ 3~i LI ^JL» JLlI ^Jjp 

* l$3V Is*La (jy 3 JfcjJI ^. V 3~i 11J jjLU! LevC jLS- uilaj ^lc. 4aJjail 

(2 — 14 ) (Jj Je>j I 4 i j.u L 4-4 ^i*4 . « Cj_ tMA I» 4_Lo Clj Jl>* La 

4 j*i ill CjLv 1 4 j iir I JjLs l 4_yaLiJI JjjJI L^-tyjLoJ 3 Ji_ev 4jit•> 1 3£j 1 i\iA 
< Lj ^X\_auJI mil cjJ C-Jlj La jLteJ.1 IJufc 4_yoljJl LljjJei 4_usL>JI 
3KL^a 3 \ t 3jevL> 3 j-±* 3 (jj-Lc- ullj C-u. I At,*<11 ^ JlC. La] iI ^1*3 

f " 

CjLSjjlII Jev^j (jl LiA 1 t i*\ <UJ * 3JLi* 1 3 lxlx> CxJ^evl ^-J-*JI tL)l—3tjl 

JjjJI (jr Ji jjLJI i±oe-JI 3 j_j _!_uja 

L$j| > L’i'v^Lj — L yo 3 4evj 4 3 Ir> ilI ^_Sj 4^aLl 4_xalill 

t _ r 3 — ^_£jevV 1 I l^vl^J ^1 Ifl ‘“A' A j~i '*■ 1 11 dLsjjtil A jc33 

: JoLnj 3cc. 

3Jy£jv I 1 Cu 4j>.^il —o^SLaJI (Jjj g"JI i£ 3 ~i- m* <—3— SUL& — 

j^aj Lr ii I jla j_ijG 3jev cAs) 4 j^jLlII jl^il < 3 j < ^3j ^ j ->o 

dL jJ 1^-eo <j I JlLJI dlfc d La^L>. O_itAs <j I Jljlj 1 L«J I I JlL —a 

cJ I j La I JjLlI I Ll3>jJ;<;-, I J J4 < t^yu.X, ■, ■< n G \Vl <„ii3 3jC>> 

14j_aLiJ 1 <jljU ! 3 4oj^-*JI jjljJ-JI (jr £ 4-a^L33ja a3& JoU 

lLi ( y£. ^yol ->.!! ^Jl *c VI cjI£j—llJI 33 i ujL^, — 

t^j— a 3^l^3—i_uVI ^ JX.J ijjUJI iSuL» 4—txa»L>J I 4—a a U 11 

. iy\ i I 11 aJ-tJJ 4aoJbaJ 1 

K"ij Ll ^ i^>V) 1, 1 ^G^LJIj »L „ 4I til l g. — 

4afcL>-^J!)) 4_)L> ijJLaeJLI I j_ £b 4 is\ i<-\Tr"i a j-^C. 4^l 3 t_»LJI 

. Ju Jl^v. Li ((4aa»jJLlj ^_jJL3jJI )) S^jLmja jJjv. | L^J^J jl «4a^Jjl^Vl 

yjj-tu 3 <<lc. j jjLlII ^jJ_j jji 4j> La ^^3 cila^ ArA\ — 

, LT ilo^Ji jl u^~i4VI 

Jiwlj 4_j_ci^. el ^j-ie ^j-aej Lu (jyJjil J-4X3C-U jlj-bl elll^a^l — 

. 4 i i L jJ| 4 i i^ it | <y 1 ‘«<• “ 3 a 
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>jU*t 


. Jl>-I jJI 4j3Ljj L_»l_ii: — 

. (j-UL^LjJI jX- £-JjJL^Vlj £jjL»VI 4jsLdJ L_> 1 iC. — 

4 nI ♦"»11 4 j"< j&jJI 4 In JgjVI iJ7 Si ^JlSxI 1 fdUJI Jj_i (jyiJ (Jj)a• 11 OjsnJt, — 

, L 4 J I a 11 U i j lit | I 1 *v.^ ! j X 11 

^ 1 £j*mi {j 4 .us ^jUji — c. — 

. 4 1 , ,.Li_u V I ^4-1.11 1 JI ^Jj>- I j-jQ 

£j\ <1 ii~i 1.1 c-kl i*-) )Lj 4_j_aLiJ I (JjjJI (j7 jS gl>J I C« 2r 1 11 a l_)L£!_jjI — 

. J^sjJI aifc^Jl ^jL». £y* 
'^yjb (JjL*. 4 jV-J (jyjS CjIjA*JI uilij ^^.Lc. u-JjuJI l 1 »LjJI 

jj LUI Ljjv jJjJjSuj (J Lat-o L*J I LJI j a LciaJ I 4 jj>» jj — 

_}L*l_jI ^^ 4 UJI —JL) £-LLjj 4^^ 1 11 —<i)J^_>. jj&jJ (jj —I] 

jfu^ tj£l_Llli^j { j r a ^gJjJ 4 ^>Jjj Li *£^1 JuVIj j 1£LiVL> ji gTt t4 j<tlr 


( 4 1 M 


. I 4 J 4 j 1 gL jl>. ^ >ioj ^^3 4 _jjL_J I cUL jj>- jJ j ■ < C~’i 1 1 

5£l Ij^lii (JLacVI ^11^4 c-jjisfcj (JjjJI lillj LJ I ^1^4 — 

(jj 4 U llj ^_il-uaii^Vl Jj_ij.il CjI j 3_il__>JI 4 _>~i t 1 11 J_jjl_ cA\ Jjj-cj 


SjL^L^aJl ujj 4^11 jl t 4_ 4 , idjJU 1 4 4~ull <Jj_i j-4 ^jjJl jjl •'ill — 

^Jl>-] 4jJjjJI 4£jLlil 4>JUk Jujj . jjjJ-jJ! 4 _li_^j nifl , W<i n 

14 j 1 4 111 lIj I i n 4 Jlj L-./AtfJ I 4__uali»%]! lIjLJVI ^j4> I 

tjy jJ I 4 JJ Li-11 Ljjvjj j iSj ^-Jj L.MI.4 ^Jjj 4*i 1 4 j>.jJLI < j^4jSlj>JI ^£.jJI ( J42>1 V ^lj 

. L^iLajjL) U LJlx. 


<2U^L<aXt A kC l^u^Vl tZiljjalTi • 

Ljjy-jJ j 1*^411 j ^xJ-LlII ^_Ij 40jIajJ JlII ^4*i *r 1,1 ^cM-ALiLa CLij —jJU 

:t±jjJHll (JV 4^^<L»JI i~4>n^li t^jJj 4^i« II jj_aJ I c a i*rTi \ a j_Lo IjjJl>. Ij-iXJ 

LAjAj^. ^.4 ui 4 4g 4j Sjulsj A^lVL^L 4j_ 4~i^r IIj LjjvjJj 1 Ij ^4 It tl 

O-fcxiol . Jj>. VI ^4JfcJL2x.l (Jjil 4J V 1" i J ~*-l 1 4^4 LLajljJ 

4 ij»Lual I 4_i_>»^jj J 1 1 t ~) Ij j U" t Ij 4 i• l j a j I jfc I L> ^ 1 1 1 i ~)Ljjj^jJ I 
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4_a jJi5 jl Jl 2la ^'i>< jLfcjjl ^ Juo ^jja") ^^3 4 _j l^jjJI J-ol yxl I 

4 i a 1 11 4 g£.L*l 3 «Vl lZj \j-±jl*Ii] I £jjt a ^jusLU 4 Ac. tllJj Lo ljufc - oy o_i j 

1 j j^_o 4-£. 1 f i^i 11 1 4 La yis\C. ^yA Lju 4 .u:.Iii^Hj 4jj 1 is \>JI oljj _ oil 

4j^LLII 4j j. uuJ I L^jJL^ Ui <^lII ^yu£J I 4_g£. 1 u^W 

i I 1 ! j 4 -ijIjjJ I 4. ...m, UgJI 3jj) jj 03.jj 4 —±ud Ul 

L^^fcjLL Q ~ u }* » LJj La ^^lll CjLajU M i^*ij lZjVLu^jVI 3j^j LiUj^j 

. ^^jJI 4-till g"i-v.y 1 3LpJ I (jr 3 1 a AjgjI3j 
L‘~^j ^ ’X~tlj ^^Ldi 4 _l>. 1 I 4 jC.Iq’i-kVI jj ♦" tt 4 j&.j, oLL j J Jjuj 
^JLlII^ 4-u^jdl l Lljj jr-L'vVI * 4 i..x>LJ I jjl j LJ I cj! t a ^ a 

^ Iri} 1 Lj U 43 Lojj ^_j_ uili L^loLjjV Liiijj 3jL a* a 4 ^ 45 M ,.,V! 

4_i_LojJ I S^ILaJl (Jj-^ j- ‘*au.V j . 4 I JlJLSjJIj Cj! jL*JIj 4 _tr 1 ^"1 ->- V) 

IJjLfcAaSfe a (jy-lc 4 CjIjjjJJ £-<£iSr II 4_iLjcju_uL 4 L> il^-l1 

L y}\ Ljj-LaJ La 1 jLs . 4 jjL&Lo i i m n t4i£ ^aJLuIl CjI ♦ ^~i-ar a J a m>~ L^jl 

CjI^-ijju lLj! JivV p _IUJ1 Cj 1 1 aIla ^^3 4jj 1 lr>U 4 1 i A jj 1 C-sl^_ZuaJI 

L$j I 1 i'Tt i t u,4 tOlisl CjLc!^jl>V 1 ^ic 4 _i Ij-o 4-till o"i~>-1 j 4gj*»jJj)iS 

t {^y £-1 o"i"»> I ^LLaj |^l 4->- L>» \j 1 dijjj 4 cilj^L> 4 u a j I J Jl _a lJ 11 1 ln“i JLS 

•-LaLwVl JjJlJlI] t Z * ^J] t J 4 a"i a jl ^L» i^yjjJL JI (^&j— 

3Ju Jl_>- CjLjjlTji 4J^1— l4 j JjJl lIj Ij^l 1 4 i^L.^itl 4-jii LaJj>-V! 

LZjLd^LkJI _djl JpgiJa l—i-oLt^f ^ ya~) ! jJ 1 4 K-ufcj 4 ~r j ^ 3 

. 4oaIaJ 1 CjL a1 j 4 j'vjJjiSLt11 CjljjiU 4 _l^1 ^11 4-ult 
OjI£ (jlj ij^£gj t—3^-fc-u 4gilUi>.Vl CjI^ojjuJI <>JlA ^jp3 JL>J1 4-±gjiajj 

y[^\ Lj->- iSu A Lo 11 if ^y} j a i~ti (JSi-utJJ ^.qr. I djjggaj 

jjgaVl CjL^-ae^a (J7 —Ll (LhL> l£ j L>JI i/Vifl 

4j 1 J^aJ 1 .^ajvl ^JUJl ^^-3 4-Jjl i^-t~4^ 1 j 4g£.l_Luaj| CjLc. 1 Uall 

(jj JlC. ^jUII Lt->» iSu CjI j jl Ir>"i l 4_x>.LuaJL! Cj I j-t-jJLjJ 1 0 Ju3» ^13 3 ' ' >. U> 

^jj IjJ^j lLU jj 4 4_ojL_uJ 1 4giil f <^>11 l_ 4 ac 4_j Oj 4 J JlJI 4 mi j’i lL^uJI 

C_5 \j _‘J ■*" oL)l 1 4_jjl^_l 1 ^yA J. J jJlAJ Ljj>- 1 D JlA _IL 4-1 

3jj_Lxa lIj^Lj JlAj JL>.j1 L>^ 4--Q' 4^.1 i 1 ^ 1 11 ^^3 4_iiscjjJlJ 
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* {jr*?3^3 I I 4- 1 L j~i 


U>U 4 j-d 11 ^JLaJI ^JLaju Lc-4 4 3>-^LLaj 

(j^a t (. idscj (jr 3 3 jj L ->J 1 tjL_) ^IjJ! ^jj^JI ,*£jL 3J! ^^y^jL- *tu Jl^j 

^jjJI 4_Jf. Loj c.LlojjVIj t4jjJ >J I LywjJ j.<^3J \ O^Jh 4_l£Ij_<o JjjJI 
Lsjj-wj ^ni I J_l^o I flU?rJ Loa i<LlL>« 1I Lyl Tr~ j a jjjJoj (_y9 4_y.jJ 1 ^jlc.j 
.^JL aJI £.l_^j! t^j-A LyJJ 4^ol_3J! 4 jjjLJ! j_L-uJ! ^jL-o-uaJ 4 j>.ju. a a 


jjUJI 4 4U~lt 4yfl^L>.yi UL^aJl • 

Lx>- jJj£j Lyj j*j a3j (jt jJ 1 4 j i rt*iU Cj!jJl3JI CjjLjI i j r c Lj£j l- *S 

LyLjy».j L^IjJlj JM3- {j-* SjULI c. 42gj^U-j 4 _i^L 3J! 4jjLJI 

(JL>*jJ 4Jj jJI Cj l a jSk^ 4 lnj CjjIj I 4 Ju Jl>- - nil L^jjJjJ 3jl— C.Ij 

jJI 
La 

“J 3 
'i 


4j5!jjj ^~i gTi 1 3 Jl-> JL>- 


4jc3!j {_yA JLAJ l 3-3j fJ ^ 4 -IlaJI <j I t 4 <^>L>. .^yjJ.1 j-aIscJU jlj^fllj £ 

g-LclaJl Jl 3» I (jl£. I 1975 ^LaJ! «jLajL —lm I » j_4Jjja tL) 

lZjLuJJ ^£jjjJl a >11 CjLiyatj l__i _c}LJI i j r A 4 i'v <n 4_3 jjJo ^1 4_ 

cZjLjI^ ij>. L- ^j l 4 Ij uVq ^Jl 41 j uVq o — 4 L^ISjj i(j 

^uUI oJJt (j^Lc.1 jLI JlSj . 33,1 >a 4_j_l 

j-loj 4 J (t U JjjJI CjLajSl^ Lc. J Lt^o t 43_i if CjI jLfliulj i \j-±& VjL>- 

4_a_3 I jj I lLUj CaJaj I J 3J . Jjs 1*11 I j LJI 4—LI Jo—J Ij) 

i4_i3LfliJlj 4^4 W H 4 —jLxoJJw^ 4-ojIjIo ^ygja&j jJ.1 A jl 

4jjISJ! 4 j ni->. tjjL>JI jjUI L_>- ylj iSo ^43 I jJ 

CjLjISJJ 4-i.iy>J 1 ol^Ul ^y-oy5 CJJjLSh-j tjyuji ^LLa-J L^uiu 

4^j^jt>a ^q-I a Jlj Jl>- CjI_LjI^ jJjJ 4-ii2- ^ -*■ n Jl 3 Loa t LyLu v Jo—L>Jlj 

5j^Ji 3ly>JI ( _y3j_iLj Lc^o 4 1 4 Ixm^J 1 L -1 a 4^aJ 4 ^J-lS l j r A 

.^Llill j jLajJJ 4_i.iJo^V \ 

JoJLtoJIj ^j-UJ>»LJ I 4y>.JJ _jl CjLo^Sk^- 4_) ^y3j L 0 J^ 0 ! Ur-*3 

jJ 4^^r i>> lZj l.-.-j »jjt i3jl_j 


4 4_u_?e_J I 




LU Ij 4 L> \ VI ^ L 4jjo^J I Lyw jJ I j jj III I 1 1 .4 If Lyaj I 

CjjjjjJI SJhp^Ij k 3 Jl_j_Lj>J I 4 .jjlall j-i ^ L3 «JI ^-Lu] jJtJ 4_y>.jJ»l 4_ u ^ j 11 

f bj^’ 1 >=• ^4'3 < 4JLl^ J^l i UjJ i J^I jLfcjlj 4^Lato^Vl 4 jjjL 
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4_3t3l£Laj j Uc3j>. i *» 11 j_>0 I tjyA LlUjj 

4 4. i ~>JI oUjKJI CjL toJeJ 4.1,1 o.,«.lI Cj j-aLii,! 4_i_ujLc_4> ja V Ju ciij 4 jjuVI 

. ‘ ■ ^ Ijjl] I d j ^4 »t I ^ 1 ^ 

l_jLajVI LjL^j Lo j-&3 cjLo^kJI J * -~-j i_l1LLaj 

t 3j j. < 11 Tt 1 11 Cj La j 1 14 11 4_uLAjVI pic j.g.gc.1.1 1 1 jjl£La[^ 

JujLjfc- tus\ i 4 4j^jLJI _il j_U (jjl scjl i 4— _udL>JI 

4$LlUI iiSUuSJI Jljll 

L^iiaAi 1 5 Ji^.1 <~i.i3^ <1 ^ 1~-»- a |1 il i^ot ciJLlA jjl ^ _9 

I ^ pj 4 ‘ <nf I ^J)~i mil • 4^3 jJ Li^C l_Ap£ !j 

Cj 1 5j i lal (■ {j-a 4jjcL 4j j3Co j I ^ jj I ^,2.ua>J| j_La->JI j I 

Cj Lx>. '&Ti ! I ^3 L^jL-u 41jjl>. 4 {ji i (—ilsfcjJI jjb 4 jjLiJI Kl 

i—3 J-LU ^ jjl J*La_>JI jl <Sj^3 * ^ tjlscin (j£. l)Ai ’XJi ^^ji-VI 

. J[jVI ^Lai t _ 7 -^ ^Jil_t-4a!l3l j_A 4 4_i_aLiJ!j 3j_jJLaJI i_jji «*7iT1 4 ^>J^j 

Ij-lsu JjlSs jy aV i4j^jLJI CjL%jlL1Ij CjLlxjJU ^ (jr 3 JpaJLl JuljjJI ^jj 
Lij Lc Lcjl3eJ» (jr 3 L^J 4^ifaug La^_ i_u Ju>o 4_pV-<£_uVl CjLatUllI lLUj <j! ^Jj 

^ (jr 3t>a ^-L2ii.|j . Oj I JL1I I—3lj.Zl —4^1 (jy-SJU IJlAJ 44_lJj_*Jt 

l!j\ rxTi.i.A 4J l Hi 11 4_i3 jJI 4L_-u^di! ^ j _i! I tllJli 

^JUJt {^3 tilJ juj 4 jJiLs VI l-Ac- *^1 In" t <ij V 4 4 jjjIj 

Lc! 4 (jr liil Ldux 4j-«jllj 4 SL- 4 III j t 4 _l9^L>“ ' 

)4j, LilZUI jm-9L4jl] I ^JoLljj ^juuaJL ^LsbjII t- j an! I (_y* ^l^jJLI 



296 








^ i«^> o 4_<aJufcj_ i_4l! 1 4 <i K 4 l*v H *?_A_A ^j^-i l Afj (1) 

(J-iISjj 4j yj> inll LiLo-l j-ijl uall j^oLaJI ^^jJju ^ysjju <;l_i i~<V' j.i i i a'J 

4 a >-LdJI 4 jj^c.j^JI 4—*_Ul tliJjj JJS (j j&j L^-)J^ . La j-ojs *1» (jl mi 

4_uLj_c.VIj 4jj> aaLI ^_ILqjJlaJI ^rpjLja^J 1 <j-u ^uLaJI 4_ 

. 4_x>jLjl 1 I 4_i.il l ^y^y- 0 La <jr £ JuJ till j Julj l L^jj tli 1 iu 1 

. [j^{\ /ya 4jLa *j_^) 100/1 = CIT1 ji g j~ < * nil (2) 

. (^il 1 ^ya i_JaJ i ^jjq ) 1000/1 — m m j i - 0 - 1 . 11 1 

. (^iM ^_ya i j r a ^j-^) 100000/1 — fi IT\ ^l>aj^£_*ll 

. (^3i1 £ya jLlc t^_>.) 1000000000/1 = nm ^LojjLlJI 

£_]_u tix-p^ 1 j_j_oLLjlH Cjljj j_*_i-ol JJa_L^Jl j-uaIc. 3j j J—*3 (3) 

^JgU-4 4_<*jnlI 4_LA 0.075 j_3e_) Vjty L4 t j_ul— jJla 

.^3_ojjL) 0.1^1 ^>.ljJLl 
- l 31 j11 dU.^ iji .t.1 1 > ■ a . t ^_j ^4) 

(5) M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater. 
Vol. 51 (2003) pp. 1481-1492. 

y t's. 33-1 I )) <L)L£ (J ^ Lj^£j j5^jJl jLj «_u"V 1 I^JI 1 Jufc (J ^ Li « A Jiuj (6) 

tl)Lsr 4j*a}\ 1978 ^L*J1 3 JJulII L4_3^-*J.I ^JLc. ^yC. jjLusaJl 
4 jL^ tjr £ dUij L l* a 3 d 1—. 1 32 *13 1 

^aJLc. 31 ■■■'.,. m Ll>-^J j iSjt 31 CIjLj JL>u r Ul *_1» Q->o J->>—H 

.25 . 11 oL-^uaJl .1982 ^UJl .59 jjuJI .a^J.1 

. nMzki < jjLUI : (jr i lj. i-iN- JV\ i n \ j ... I rt **■ A '' ( 7 ) 

4C^jj£J 1 4JjJ ijr B 3jl jj — 4 1 Tr a . 4 33 -*J \a ^—L>*JI 

. 159 152— cjLst Jlu all *2009 *607 

Oy\n La ^JsjlI 4j^_jL 1J1 4_jLdll 1 _i_uVl J j yhSt J jl“ I (8) 

IJlaJI 11 ^ 3“ 11 O_J^SLI 1 4_ i u i nj-a — 11 4j j^ >a . 4.j ^ i"/11 

.33 — 25 cjL^~ ais\ 11 *2009 ^-^£1 *66 

■ JjLJI (9) 

: ( ^ r lLlJl 3jLj Tj-isl 1 j 3flj_3J (10) 

http://wwvv.aps.org/publications/apsnevvs/200012/history.cfm 


299 


























(11) Binning, G, and H. Rohrer, Helvetica Physica Acta, Vol. 55 
(1982) pp. 726-735. 

(12) Eric Drexler, Proc. Natl. Acad. Sci. USA, Vol. 78 (1981) pp. 
5275-5278. 

(13) M. Sherif El-Eskandarany, Satoru Ishihara, Wei Zhang and A. 
Inoue, Met. Trans.36 A (2005) pp. 141-147. 

(14) http://wvvw.zurich.ibm.com/nano/themes_history.html 


-Ls l 1 i"i 4 IjjLJ i~t tj jJI ^ltJ I ijAJ j 1 ) 

4 jlC- Li«^aJ 1 CjLlaIaJI tj Sjltl 4-4 -uj uiilj 4—i&yL±ji 

4_u^L-wVl ^JLdt 1 j_4> dllj «n>!l 

. ixbLjJlj a I _i a 1 ^Lj^-laLI 

l It dill I _ill Jjljjl Lev. Cf i^J 0 ^_y-± ' [j£jl flU (2) 

l^_oifC iaj 4 Lyj^iI \ j-l>aj BjLU _ c. _uy>o 3atj-3j 

Newtonian Mechanics^o^i iSLjLtSLjJLi 

» 

4_iSLi__ t-uI »■ L>y. laJ 1» Clxj aLv I a j *~ u _)3 La A ^a i 

i a 1~•>• >a ^_yi ahyxaJI al_ale. i j f -A ojj a~ia 4_iit_i 4lL<aJl »3jl all 

. 4—i_i t La.j^xJ I CjL*-oL>JI 

John Bolton and Others: Classical Physics of Matter, Institute of 
Physics Publishing, London, UK (2000). P 62-73. 

4d<.»yLoJ' ^ys *L» 4-0^-t^qj jJjLaJi 3^e.j ^ (3) 

A j-1£ >"<141 .^rX I ^J| Cjjl 11 4 -loIaJ 1 j 

^44 <_}Lj£ 4-tJl Ua ^Jl , 4_j_i Jo Ll 1 4 _jljj^ 1 jyLiv 4 jj -iIi-J I Oj-i — 

4»o^»^j ^jJlj i ^y^-iyA 1 ^oJLjlII c_j_J Lj 

: J i u 41 11 u 1 

^j-wLa^J)) l 3 _t 1 Lj . 4j3^ i 11 ^_ILc. « 4 j a 1 * 11 3j^jJl 4_j-L)» 

.288 261 ^ j^aJi 11992 168 jjudi. jyi—». 

4 jjJ — ijjiiiJlj 4J0IAtJJ j-JwLiJi 
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f*I**JT 


<oLfc-ji 1906 3j_jL>. ((,j^—Jan JL (4) 

ufJ l-oj 4L_Lujjjs 3^3^ «Llj^_3_l£. j^LIijj . 3j jJI JL^a L y3 5 J_ jIjJI 

jJI « J ±4 lioJl ^JUJI Cuj (j^>- L$j-> j i r\ l— 

1 ^i,mi SyAL>JI U^jI (JLj j^!>L 


cjVLcAI 3jALfc_i L>d/-*^AJ' 4-4AL3 ^^Ac. £^Uo^U . 1908 ^L*J1 

£-£jAI 3_jl>- \j-a ( _ r _ -v^-j 4 1 906 ^L*JI LT ^>-J 1901 ^1—*JI ju_o 4— n 1" V 11 


d<^o 4 _lj 3_iS_L»J \ 4*\ i ;jii 11 ^^Ac. SjjlrtAJ ^» uu^-i 1 

http://nobelprizes.com/nobel 

j-i-tS 4 _jI ,Vi £Olj! La^3 ^l^JI 3J ^Jl 4 iijj ^cJ l La ^__a (^) 

c3j jjl ^^3 La j % noV 4_*A»A jJI 4 lL, 11 ^Llaj Cp—} 

t -3~j L Olji J-a L$Jjp>- ^_j-ioLJ jJ& \ L^ La CjLa-f_uii. L^-fJ} t_J Jl>o 

Sljub Lij^£ ^^3 ^3 -Jr-j 11 ^ic-Lol ^Jcu L^VJ J^>- 

. t_>LiSJI 1 -LA cJiAj-a 4Jsa_uwl^j ^JSLLlJI J-uLLjj ^ j q <^Vi (6) 

Ur* 5 j— l jA^ *1—i]h^' fAfi. ^ ^ p lie. (7) 

Jj j-uV! Jili-aJI 4i^ iita Cl 1^- 4 jJ u ^Ac. t 19 1 S ^1 »JI a l 

.Lit uWl ^^uji Jju>ji ^ 


j-£b '^Ar> 11^ C^ ill I t _JS' —3 4 j*s _i luM^JI a Lyjid.ll 4._ j4I .1 ts\ a 

C-Aa^-C. SjljJ^w 4j^I r>ij 4‘iC.l_ii^~> /j_a d__I *4-Liljj.j.a.14 jj^JI 

^jC Jj^_>q 4j 3j_*_t j . jj Lit I ^cAc. 1 i u I Jl*j I ^iSl! I 1 £Aj \£^±a i_u L) 

(j-a 268 ^jJI 4 3 11 ^j^Ac. ^^LLsVI j-t II ^_JLiil I A A 

i^jLil I La l . 1 I jla (_pi>5 l^jk —a <jj jil 1 l—cuA I 3 I I 

4J ^_lL J l_3 4 <(CAj}L5» CjljUojj 3U J_yC. ^J-u-oLajJI 4j3^jlaj 11 

:^LU! ^1 ^JLI j^l Jl*. ^>UoVI 

Max Planck,Scientific Autobiography and OtherPapers. Philosophical 
Library, New York, 1949. 

Nobel Lectures, Physics 1901-1921, Elsevier Publishing Company, 
Amsterdam, 1967. 

_LaJI CjL^LjJI j a I 11 ^JLxj cJa ^__yJ] 4 >*L>- Ll .ml (8) 


^L*JI aLyjJiJI 3jALv j-uaL. ijjtluiuT cjj^jJi jj — 4 ' 

Ltib j-j LL I (j! I (_y idj i4 _jALJI 3-—*^3 -^A I J^a L_A^_i£.J 1921 
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1 ^ Li 4 j 3I 43ujJLaj ^_y£- 4 , ,.Jt', * ^j_i 1“< ] \ 1 d rX Z .jj 

l£Lj-il£l^a £_a 4j^_LajJI lIHj CL<^<u>-^A_j < *i4 _a3 ^_loj! C~. * _i -v- t<Ui—*_ujJI 
UjSJ ^^i^Lo)) ^cJUJi L^it—«-«jj liittA i ^£LII 

-i_uJLI .4 jjJLj>JI *Ly_LaJI JjVl ^3 cj>- Lt-a 

^ji.~.ifi. <jT — £__La_p»JI (jLiij *_lU j ( _ f j I-*1* — c_£^£. I (jrJ^ -iliJ I 

ciU^g. j^JIjJI uj Llt£JI 3^1^. 4 julj i jls t _ y juoljjj Lj^_±£ ^_I Ljl^ 

^jb c_iLjSLII 5 (JjaTJI jl— jjlII |M.a"->. I ^cJLc.j <_<<*1/4 4 jI Lfclaul 
. j (. aoIiJLI (X)UJ1 £^a 4_*_a t j A". . t L-n it i a >_ ij L-m U 

Albert Einstein, The World as I see it. Adivision of Lyle Stuart Inc, 
New Jersey, The U.S.A. (1949) . 

i axllj . 4 j3jj_LI ^JLc. "QlJ ’"“* ^ L7^ p' * ^ (^) 

clji fr a isi ]I *2000 ^Ldl 264 JJudl ^ la i 

— jVIj c^3< 4 H j 4 JaLSiJJ ^ ;L^JI ^juiLfcJU j lI<Ll1I *203 ^y —Jj 173 

. Oj^SLJI 4_)jJ 


uUHtl 

(1) G. Bums, Solid State Physics Academic Press ,San Diego ,1985. 

(2) C. Kittel, Introduction to Solid State Physics, 7th ed., John Wiley 
& Sons, Inc., New York, 1996. 

(3) K. Boer, ed.. Semiconductor Physics, Vols. 1 and 2, Wiley, New 
York, 2001. 

(Jjj-oLaj Lr lc 4iSLaa {jJi LtA^JLa ^jLaJI Jl^cj _L3 (4) 

Jl _L=wi 4 JjL 3 jjyL>. (jl^JU La^^^Ic. j. _:>»/j II ^ j I 

William D. Callister, Jr, Fundamentals of Materials Science and 
Engineering, John Wiley & Sons, Inc., New York, 2001, ISBN 
0-471-39551,pp.30-75. 

M. Sherif El-Eskandarany, Materials Science: An Introduction, 
DAR AL-FIKR AL-ARABI, Cairo 1999, ISBN 977-19-9716-5, 
pp.35-62. 
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I JJfe u 1 c 4—La_aL>J. 1 


(iiij—=*o L® (5) 

-3 olj j_II ill l~i OjA _ 3 _flj a» ji 

• ^y> 1 J 1 U U -UpJl 

S-lLa (^rU) 3j^-* O' iJT 3 II i—S^Ll^VI I _LA (6 ) 

(7) M. Sherif El-Eskandarany, Journal of Nanoparticles, Vol. 2 
(2009) 14-22. 

i>l ‘iC \ I I t A i dU... I .1.1 1 1 i iii~i ^ ^ « -oj ^_i (8) 

Ujj^j 4—dSjj-aVi j'^JU ill^J— t-u i j r a JLjj-l (9) 

.^-o^jlI' I JL^J Li < n LU ^Ijjl Jl 3 t LjJ'j) i uC 


M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater., Vol. 
51 (2003) pp 4519-4532. 

(10) M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater. 
Vol. 51 (2003) pp. 1481-1492. 

jt 

. Julj j i.*ti ij ^cJ ' _LA ^LUil t _^ij <"»ji (11) 

14-ya i~J I 10 £,—SjJ 4jjjLiI! 4 jLojJ' I jj JL Juq s k- a ( 12) 

*66 JJl*J' xzaI 4 * ui uj-c — 4iir a 

.33 25— l!jL> 4naH ,2009 


(13) M. Sherif. El-Eskandarany, J. of Alloys Comp. Vol. 391 (2005) 
pp. 228-235. 

(14) Michael U. Niemann, et al,. Nanomaterials for Hydrogen Storage 
Applications: A Review. Journal of Nanomaterials. Vol. 10 (2008) 

Article ID 950967, pp. 1-9. 

(15) Nam-Jung Kim et al., Current Applied Physics. Vol. 9 (2009) 
pp. 643-646. 


lc. .K j-flll d>—* l L)^ liil^ "ig 11 nil ( 1 ) 

I Jl>. 6j (jr Jt j iCjLIAJI^ (j-alI {jja jlJ_U_1 4jitII l-JKJI J :>»t 

^LJI I (JaJj • ' olil» j \ 4_u^_*JLi i-jjYC a La 1 ^Laj 
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Raymond A. Higgins, The Properties of Engineering Materials. 
Edward Arnold Publishing, Inc, London, U.K. (2004), ISBN 0-340- 
60033-0. P.230-382. 


4-^.j jJJ • « jJLfcJtl » j « j-LaJI)) j-\j 43j^jJI ^3 l_Lo -LlC- ,U|-,Vj (2) 

jl£" ) * U 4 jjilll 4JUJI l*~ jjL*_« 4—jl l ^j4 12,1 a~c I ^ HJI 

a 1 11 j ir j£. 4_lVj^ VI jjL*_a t ^ILa 

£-2u 1 £3^1 ^3 1 _LAj . S^uoLdt I LuLp. ^3 4_<oJLit a —«_uJU 4 £LjL—«- uj 

jUiw! LS7 3 43 jJ I i -*■ i-n 1!j 1 _ <—j£JI j^a (jr^ * Llja>» 4—j3 

Li_A Jj Ij . £_jl_j_] I l La>J I Hd > ^3 LiJaj 1 £_oj C< j->» i pr 1 s~\} I 




I^UnJ 4jfljJI 4j^..i^tJ.aJI 4JUJI j—C. j>j 1 *" 11 UsJu-ssJb La 1 j] 4_j| Afr--4l jl 
—Cuii j^a 4.i^-wl ~*lJ Jlju 1 jxj j IV I |»l->“ j£-dj L -A 
■ ^^JVl jj3 4-1.4 - <»’i jl Ju ^t3 i4jljjSLo t .^3 4l>J jJI ^£j-».V! 
(_ 7 3 |»_^j-LajjVl |»L>- ^Jl djLiVl 4 4 i «*i JI j-« jl£ 1-4 L®l 

JLpul^l j^a ^i VI JU_ t*u£t I 4 C <j A (jA^ - 4_*jjAaJI 

(j I 4JUJ! a-l A ^ I_il3 < n I (j j^H Lux! I j JLJ JL>JI JLa _>. I 

1 < 11/-11 (jl jjjuajJU j^a 4__)l3 I jJ |»Li* jl j4^» mi 

(Jai^j^lJI (jr^ 4 jj- lnj jl jj^-jJL* ^^J-La^jVl jj_ *-a 


‘ J_‘ I Li.a^J VI . Li 4 iX I jV «-iL! JJ t4jnjii'>l! <—dl_La lLUj jV 

I jLs C-t —ljJj . Ajxojll! Jp* ^jl^ajjVl jl3 j^a ^uSud! ^A^ 14 . A 

Jill jt ^jLi!l ^j3 )«jjU-4s JiJU ^Lai JajLi 


1 4 a Aj 4 • j3~j->3 djL» < i< 1 * 1 l~i <a > j-a ^ 14 ^ t dj 1 j La ^A! (^-“LiJ l * n i Lla 

,XiaL Li-A (Jilil (JjJ JI . 4_pyt_>. VI j dj1 «-uJI ^3 (JJJjJlil ^Laj 
jJ^Sd 4lvl jJI L-xjlj^iJI c_i I_UJ (A 9 j^4 t~l OfcJ j jLajO (j^LiJI jl 


-i-u_t I JuJl>o ^y9 I I JljA jl Jl2Ic. 1 . ^jLnir-Juj ^^jLj -«_u 

4_Jjj 1 nil j£2j i4jA-1I 4jj^j»JI 4_t_U! (jA^- 4a_Jjj 1 ua ^ 

jj3jJI c. Jlj ^ j 1 1 ill {j—3 43jJ 1 j^o ^ V1 j (_y 1 jVI 


- 4i_pj>JI 1II11 ( ^uj-4l3 lJT 3 JjuaJL} 4jjj_c, 4.aK ^I jjelLuAj 

(3) M. Sherif El-Eskandarany: Mechanical Alloying for Fabrication 
of Advanced Engineering Materials. William Andrew Publishing, Inc, 
New York 13815, the U.S .A. (2001), ISBN 0-8155-1462-x, p. 12. 
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(4) M. Sherif El-Eskandarany and others; Advances in Materials 
Research: Methods for the Production of Amorphous and 
Nanocrystalline Materials and Their Unique Properties, Spring 

Publishing, Swiss (2000) ISBN 3-540-67271 -0, p. 76. 

(5) M. Sherif El-Eskandarany, Journal of Nanoparticles, Vol. 2 
(2009) 14-22. 

(6) M. Sherif El-Eskandarany and A. Inoue, Physical Review B, 
Vol. 75 (2007) pp. 224109- 1 to 224109-9. 

(7) M. Sherif El-Eskandarany, Satoru Ishihara, Wei Zhang and A. 
Inoue, Met. Trans., Vol. 36 A (2005) pp. 141-147. 


, , ) 1 X 1 1 I 1 A i st \ y a d L-n , . i ' ^ \ JSLJJ! jukSj Ai (1 ) 

. » jL£J< \ Jofc 4 111 o* (2) 

> ~■ In n~in t i^r\ "i-ij 1 11 CjLlj_uv. _j 4 a i4^ j 4_a- j 4_j j,Ld^o _L a.c I a (3) 


j ■ X . I I I 4_i^ ^*^1 1 j j .^>1 1 

(4) M. Attarian Shandiza, et al. .Journal of Physics and Chemistry 
of Solids. Vol. 68 (2007) pp.l396-1399. 

4-djLli 3j=U1 L$j ^_ jJI 4_jj^dL>J 1 L^L I ^3 _*j (5) 

^ tn< nVl <?JlA i In i n ^Ci-iL>JI 

4 d l*i re.! 1 Cj \ s 1 g -wV 1 4-^jv 1 Ij^o tJJ 3 l_A J ^ Jua 3_sLU 4-o^al dd t . 1 3 i (6) 

I ^Jufc -)LS" * 1J ..« i -^21 f. Lid I L$J 

OJ- 5 lV° 4ld>oVl_J 4 1 ' Qj j aJLdj 4^j^5cj-a 4 Z j.a Lu J ji 4_i^l_«_o 


. L$j 


(7) M. Sherif El-Eskandarany and A. Inoue. J. Mater. Res., Vol. 21 
(2006) pp. 976-987. 

4jl>.jL>JI CjIjL^vVI 1_ jit N i u ' {jr 6 3j>m 4—jmi (8) 

CjI jl^l t La^^Ic. 4_jl 9I^J1 4 j.aLujJ' ULu^yU 

. LajLaj! ^ CjI j-ulj j' U? 03-* J-* 
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.4_l\ iaLajJI CjI jL^jd i _ i\jLU. ml ^jC. 3 jLU j Trf 4 _sL^iJLj J_ U3J2J (9) 

1£\ Ojj^-j j' O' Oi- 3 0-* l$J ^j-*3j ^^lil 

y 

3jg n II ^Cu V * x^a .CjI jL^j^VI CHjJ 4jt_Cj <"» j' 

rjja L$jl^j-*j ci^J*- Ob (>jr i^- 4^31^11 CiLaj.idl <J-l3jJ j! JjlIuuI (_£l ^LOJl 

<Utajlj|jJl^ jJI J _j 4_jJLi CjI_ cLajji 

0 JJb (Jj-lo'Gj cr^ jlyll l_JlC I CjI j j 0"V dajy 4 -u^jVI 


. <^sr i ^y£. JjSl i 1 . "ill 4 _LiL^i j-tC- -jlya 1^11 -»o 4 3 i^ll 
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